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SIR, 

The Motives i^Hch induced me to pre% 
jour name to the first Edition of this Work, still con- 
tinue to operate with undiminished force. Your gene- 
ral knowledge^ jour particular views, and the intimate 
connection between Chemistry and that science of which 
you are so great a master, qualify you in a peculiar 
manner to judge of the merits of a Work which you 
originally suggested, and which you will receive as a 
pledge of that intimate friendship which we have m 
long enjoyed. I am. 

Dear Sir, 

Your sincere friend^ 

And humble Servant, 


Euinbu^gh, j 
AprU aoth, iSio.J 


THE AUTHOR, 



P R E F A.C Ei 



Tflil general attention Whidi is at present paid to 
Chemistry in Britain aanMtit escape the rnost siperficial- 
observer. ' Tilib sale rf thry ll^ge SSticms of a Work 
so extensit^li ptt'i^ift/#i®iW^^ift^"iieptib--, 
lioatioh' 6T dibidtfh proof that the votaries iof 

the science are nninerons and daily increasing. Indeed^ 
it possesses such attractive charms, and sheds so benefi- 
cial an influence over the arts and manufactures, that to 
he welcomed and cultivated it requires only to be known : 
and if we consider the number of eininent chendiots at 
present in the British Empire, We cannot blit indulge 
the most flattering hopes of the future progress of the 
science. Some years ago it was. affirmed in acoutiaen- 
tal journal, and a chemist of eminence attached his 
ttame to the assertion, that Briiain pOisessed scarcely a 
soientffic diexnist. The to an ac- 
count of on of importance. 

In this account many interesting facts and observations 
are stated as neWj though they had been almost all an- 
ticipated three years before by 3>r Wollaston. The 
experiments of the British chemist must have been un- 
known to the continental philosopher, as he observes 
with regard to them the most profound silence; yet 
they had appeared in the Philosophical Transaettons, 
the most celebrated work in England, or ?evcn in Eu- 
rope. ; '• ‘-v 
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At present it is not likely that any man, how par- 
tial soever to his own circle or his own country, would 
hazard the ridicule of such an assertion. "We can reckon 
the names of not a few philosophers still worthy of the 
country of Bacon and of Newton, where Philosophi- 
cal Chemistry first originated, who cultivate the science 
with assiduity and success, and who have already en- 
riched it with the most important diacoveriest Npr is 
it meant to depreciate the illustrious Chemists on the 
Continent j the science has been deeply indebted to their 
genius, and still requires their fostering care. Indeedt 
so importsyit, so so vast, so infinite are the Ob’-* 

jecti of Chenaistry, th at it can onJlY be rapidly and 
cessfnlly improved by the united exejrti.ons of ail 
tions, tongues, and languages. 

The object of this Work was to facilitate, as much 
as possible, the progress , of Chemistry, by coUecting 
into one body the numerous facts which, lay scattered 
through a multiplicity of y^ritings, by blending with 
them the history of their gradual development, and by 
accompanying the whole with exact references to the 
oiiginai. works in which the discoveries have been rc- 
gisteredv The vvlnchjLhe 

ceived» the private or pub^lfc approbation of moat 
of out mOiSt eminent Chemists, are flattering proofs tliat 
it was jnot cofisiderc# ^ useless. : 

SeteraJ- circumstances have .retarded the appear- 
of.tJiis Edition much longer than was originally 
iMended or expected^ Meanwhile the science has been 
aiifejmcbgrin all depattmeats. A numaroiis band of 
philosophers are devoted to it in almost every part of 


FUEFACE* 


Europe 5 and new and important discoveries are \h^ na*. 
ural conseiq[ueni2es of their enlightened exertions. No 
)ains have been spared by the Author tq cpUect; these 
mprovements as they made their appearance, and to 
ender this Edition as complete a register as possible 
f the present state of the science. Much curious ad- 
itional matter has been inserted in it, which was un- 
nown at the publication of the last Edition. The dif- 
cult communication with the Continent, and the re- 
mt discovery of several very important facts, have 
veiled the Appendix to an unusual si2^©. 

It was the intention of the Author to have collect^ 
1 these alterations and improvements, and to have 
in ted them in a separate volume, for the sake, of the 
; irchasers of the former Editions ; but this plan has 
] :en abandoned with regret, as impracticable. The add!- 
i ms are so numerous, that, had they been thus collect- 
< , they would have amounted to a size too nearly ap- 
] oaching that of the original work, and would have 
1 en too expensive to answer the purpose of an Appen- 
<: c 5 nor would it have been possible, without perpe- 
t al repetitions, to have wrought them into any thing 
I :e a connected series. 

Much pains have been taken to render every part of 
t 1 s Edition, and especially the numerous Tables which 
it :ontains, as correct as possible : But in a work of 
SI :h extent, and necessarily embracing such a vast va- 
ri :y of matter, errors, both from ignorance and mat- 
te tion, are perhaps unavoidable. The Author lay under' 
cc siderable obligations to several of his friends, and 
lil iwise to different men of eminence with whom he 
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was not personally acquainted, who took the trouble 
to send him lists of mistakes committed in the former 
Edition, and thus enabled him to correct errors which 
might otherwise have passed undiscovered by the Au- 
thor himself. To some of the same geritleihen he is 
indebted for a variety of new and important chemical 
facts, which had not been previously published to the 
world. 

The last volume, in consequence of the great length 
of the Appendix, swelled out unexpectedly to such. a size, 
that it was thought expedient, for the sake of unifor- 
mity in the bulk of the ydayagye^^ 
the end of the first rather than of the last volume, 
where it usually stands. 


CONTENTS 

OF 

VOLUME FIRST. 


AKT I. Principles of Chemistry 


15 

)0K L Of Simple Spestances 

- 

16 

Division I. Of Confinable Bodies 

- 

IS 

Chap . I. Of simple supporters 

- 

19 

Sect. 1. Of oxygen 

- 

20 

Chap.- 11. Of simple combustibles 

- 

30 

Sect. l. Of hydrogen 

- 

31 

2. Of carbon and diamond 

38 

3. Of phosphorus 

. 

65 

4. Of sulphur : 

- 

79^ 

Chap. III. Of simple incombustibles 

lOS 

Sect. i. Of azote 

- 

104 

2. Of muriatic acid 


IIT 

Chap. IV. Of metals 


131 

Class I. Malleable metals 


147 

Sect. i. Of gold . 

.. 

148 

2. Of platinum 

- 

157 

3. Of silver 


165 

4. Of mercury 

.. 

172 



CONTENTS. 


xw 


Page, 


Sect. 5. Of palladium - 


185 

6. Of rhodium 

• 

192 

7. Of iridium 


196 

8. Of osmium 

- 

200 

9. Of copper 

- 

204 

10. Of iron 


216 

11. Of nickel 


250 

12. Of niccolanum - 

- 

256 

13. Of tin 

- 

258 

14. Of lead 


270 

15. Of zinc 


285 

Class II. Brittle and easily fused metals 

303 

16. OrBismiitli 

- 

304 

17. Of antimony 


312 

18. Of tellurium 

- 

323 

19. Of arsenic 

• 

325 

Class III. Brittle and difficultly fused 

metals 


337 

320 . Of cobalt 


338 

21. Of manganese 

- 

345 

. Of chromium 


352 

23. Of uranium 


355 

24. Of molybdenum 

- 

361 

25. Of tungsten 

- 

371 

Class IV . Refractory metals 

- 

377 

26. Of titanium 


378 

27. Of columbium 


381 

28. Of cerium 


383 

29. General remarks 


387 

Division II. Of unconfinable Bodies 

"I 

401 

Chaf. I. Of light 

.. 

403 

IL Of caloric i.. 


423 


CONTENTS, XV 

Pjge. 

Sect. i. Nature of caloric - 424 

2. Motion of Caloric - 435 

3. Equal distribution of tem- 

perature - - 478 

4. Effects of caloric - 486 

I. Changes in bulk ib. 

II. Changes in state 516 

III. Changes in composition 546 

5- Quantity of caloric in bodies 547 
6. Sources of caloric - 582 

1. The sun - 583 

II. Combustion - 5SS 

ITT. Percussion - 6X1 

# IV, Friction - 615 

V. Mixture - 622 

Chap. Ill, Of simple bodies in general 626 


Book II. Of Compound Bodies, VoL II. 1 

Division I. Of Salifiable Bases - 3 

II. Of Primary Compounds 112 

III. Of Secondary Compounds 517 

Book III. Of Affinity, VoL III. - 417 

Part II. Chemical Examination of Nature, 

Vol. IV I 

Book I. Of the Atmosphere - - 2 

IL Of Waters - « « 128 

III, Of Minerals - - » isi 

IV, Of Vegetables - . 635, 

V, Of Animals, Vol. V. ^ 42S 


S Y S T E M 


OF 


GHEMISTRY 


soon as man begins to think and to reason^ the 
fere t objects which surround him on all sides naturally 
eng je his attention. He cannot fiiil to be struck with 
thei r/iimber,, diversity, and beauty ; and naturally 
a d( ire to be better acquainted with their properties and 
xtsei If he reflect also, that be bimself is altogether de- 
pen :iit upon theiie objects, not merely for his* pleasures 
and omforts, but for his very existence^ this desire must 
beci ne irresistible.. Hence that curiosity,' that eager 
thir for knowledge,* which animates' and distinguishes 
geiii Oils minds; 

]> itiiral objects present theinselves to otir view in two Divided in- 
difll ent ways 5' for we may consider them, either as 
pan 2 individuals, or as connected together and depend- 
ing pon each other. In the first case, we contemplate 
iMat *e i^s in a state of rest, and consider objects merely 
as tl y resemble one another, or as they differ : frd'rn one 
anot m in the second, we examine the mutual action of 
subs nces on each other, and the changes produced by 
that :tion. The first of these views of objects is distixl« 
r.. L A 


A SYSTEM OF 


gUished by the name of Natural History ; the second, by 
that of S€{e?ice. 

Natural science, then, is an account of the events which 
take place in the material world. But every event, or, 
which is the same thing, every change in bodies, indi- 
cates motion ; for we cannot conceive change, unless at 
the same time we suppose motion. Science, then, is in 
fnct an account of the different motions to which bodies 
are subjected, in consequence of their mutual action on 
cncii other. 

Now bodies vary exceedingly in their distances from 
’ * each otlier. Some, as the planets, are separated by many 

millions of miles ; while others, as the particles of which 
water is composed, are so near each other, that we cannot, 
by our senses at least, perceive any distance between them ; 
and only discover, by means of certain properties which 
they possess, that they are not in actual contact. But the 
quantity of change or of motion, produced by the mutual 
action of bodies on each other, must depend, in some 
measure at least, upon their distance from one another. 
If that distance be great enough to be perceived by the 
eye, and consequently to admit of accurate measurement, 
every change in it will also be perceptible, and will ad- 
mit of measurement. But when the distance between 
two bodies is too small to be perceptible by our senses, it 
is evident that no change in that distance can be percep- 
tible ; and consequently every relative motion in such bo- 
dies must be insensible. 

Mechanical Science therefore naturally divides itself into two great 

fhilocoj hy hranclu's : the first, comprehending all those natural events 
and chcniis- , . ‘t y • j 

try. wdjich are accompanied by sensihle motions ; the second, 

all tliose which are not accompanied by sensible motions. 

The first of these branches has been long distinguished ia 


Science 


dii two 


chemistry. 




Britain by the name oi Natural Philosophy, and of late 
Dj the more proper appellation t>f Mechanical Philosophy ; 
he second is known by the name of Chemistry • 

Chemistry, then, is that Science which treats of those Defimhon 

of chtimis** 

ivents or changes in natural bodies wduch are not accom«try, 
lahied by sensible motions. 

Chemical events are equally numerous, and fully as Its Import^ 
mportant as those which belong to mechanical philoso- 
)hy : for the science comprehends under it almost all 
he changes in natural objects with which we are more • 
mmediately connected, and in which we have the great- 
st interest. Chemistry therefore is highly worthy of our 
ttention, not merely for its own sake^ because it increases 
iur knowledge,, and gives us the noblest display of the 
wisdom and goodness of the Author of Nature ; but be- 
ause it adds to our resources, by extending our dominion 
ver the material world, and is therefore calculated to 
romote our enjoyment and augment our power. 

As a science, it is intimately connected with all the 
henomena of nature ; the causes of rain, snow, hail, dew^ 
dnd, earthquakes, even the changes of the seasons,' can 
ever be explored with any chance of success while we 
re ignorant of chemistry : and the vegetation of plants, 
id some of the most important functions of animals, have 
iceived all their illustration from the same source « 
fo study can give us more exalted ideas of the wisdom 
id goodness of the Great First Cause than this, which 
lows us everywhere the most astonishing eiFects produced 
jr the most simple though adequate means, and displays 
1 our view the great care which has everywhere been 
1 ken to secure the comfort and happiness of every living 
4 eature. As an art, it is intimately connected with all 
^ ir maniifaciiu'es * The glass-blower, the potter, the smith, 
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and every other worker in metals, the tanner, the soap 
maker, the dyer, the bleacher, are really practical che« 
mists ; and the most essential improvements have been 
introduced into all these arts by the progress which che- 
mistry has made as a science. Agriculture can only be 
improved rationally, and certainly, by calling in the assist- 
ance of chemistry ; and the advantages which medicine 
has derived from the same source, are too obvious to be 
pointed out. 

Origin, ^ The xvord Chemistry seems to be of Egyptian origin, 
and to have been originally equivalent to our phrase 
fiatziral philosophy in its most extensive sense, compre« 
hending all the knowledge of natural objects which the 
ancients possessed. In process of time it seems to have 
acquired a move limited signification, and to have been 
confined to the art of zvorhing metals'^'. This gradual 
change was no doubt owfing to the immense importance 
attached by the ancients to the art of working metals. The 
founders and improvers of it were considered as the great- 
est benefactors of the human race ; statues and temples 
w^ere consecrated to their honour ; they were even raised 
above the level of humanity, and enrolled among the num- 
ber of the gods. 

How long the word cheszilstry retained this new signi- 
fication, it is impossible to say 5 but in the third century 
we find it used in a still more limited sense, signifying 
the art of making gold and silvez\ The cause of this new 
limitation, and the origin of the opinion that gold can be 
made by art, are equally unknown. Chemistry, in this 
new sense, appears to have been cultivated with consider- 
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a' e eagerness by the Grecian ecclesiastics, to have pass- 
es from the Greeks to the Arabians, and by the Arabians 
t< have been brought into the west of Europe. Those 
V o professed it gradually assumed the form of a sect, 
u ler the name of Alchymists ; a term which is sup- The AI^ 
p ied to be merely the word chemist^ with the Arabian 
a icle al prefixed. 

The alchymists laid it down as a principle, that all 
ij tals are composed of the same ingredients, or that the 
S’ )stances at least, which compose gold, exist in all me- 
ti j, contaminated indeed with various impurities, but ca- 
p Die, by a proper purification, of being brought to a, 
p rfect state. The great object of their researches was to 
fi i out the means of producing this change, and conse- 
q mtly of converting the baser metals into gold. The 
s DStance which possessed this wonderful property they 
c led lapis philosophorim, the philosophers stone and 
r my of them boasted that they were in possession of that 
g ind instrument. 

Chemistry^ as the term was used by the alchymists, sig- Their opij 
V. ied the art of making the philosophers stone. They^^^^^"* 

£ irmed that this art was above the reach of the human 
c pacity, and that it was made known by God to those 
1 ppy sages only whom he peculiarly favoured. The 
i rtunate few who were acquainted with tlie philosophers 
s )iie called themselves adepti, adepts j” that is, per- 
s as who had got possession of the secret. This secret 
t 2 y pretended they were not at liberty to reveal j affirm- 
i y, that dire misfortune would fall upon that man’s head 
^ ao ventured to disclose it to any of the sons of men 
t ithout the clearest tokens of the divine, authority. 

In consequence of these notions, the alchymists made it 
j rule to keep themselves as private as possible* They 
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concealed, with the greatest care, their opinions, their 
knowledge, and their pursuits. In their communications 
wdth each other, they adopted a mystical and metaphori- 
cal language, and employed peculiar figures and signs, 
that their writings might be understood by the adepts on- 
ly, and might be entirely unintelligible to common read- 
ers. Notwithstanding all these obstacles, a great number 
of alchymistical books made their appearance in the dark 
?iges ; many of them under the real names of the authors ; 
but a still greater number under feigned titles, or ascribed 
to tliQ celebrated sages of antiquity. 

How far alchymy had extended among the ancients, or 
whether it had even assumed the form of a sect, cannot be 
ascertained. Traces of it appear among the Arabians, 
who turned their attention to literature soon after the con- 
quests of the Caliphs, and who communicated to our bar- 
barous ancestors the first seeds of science. The principal 
chemical writers among the Arabs were Gefier and Avi- 
cenna 5 and in their writings, such of them at least as we 
have reason to consider as authentic, there appears but lit- 
tle of that mysticism and enigma which afterwards as- 
sumed a systematic form. 

The alchymists seem to have been established in the 
west of Europe as early at least as the 9th century. lk‘- 
tween the l ith and 1 5th centuries, alchymy was in its most 
fiOurishing state. The wmiters who appeared during that 
period were sufficiently luiincrous, and very difi'erent from 
each other both in their style and abilities. Some of their 
books arc altogether unintelligible, and bear a stronger 
resemblance to the reveries of madmen, than to the sober 
investigations of philosophers. Others, if make al- 
iowance^for their metaphorical style, arc written with 
comparative plainness, display considerable acLUc;ne.>s, and 
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indicate a pretty extensive acquaintance with natural ob- 
jects. They often reason with great precision, though 
generally from mistaken principles j and it is frequently 
easy enough to see the accuracy of their experiments, and 
even to trace the particular circumstance which led to 
their wrong conclusions. 

The principal alchymists who flourished during the 
dark ages, and whose names deserve to be recorded, either 
on account of their discoveries, or of the influence which 
their writings and example had ip determining the public 
taste, were Albertus Magnus, Roger Bacon, Arnoldus de 
Villa Nova, Raymond Lully, and the two Isaacs of Holr 
land 

The writings of the greater number of Alchymists are And 
remarkable for nothing but obscurity and absurd ityri“^S' 
They all boast that they are in possession of the philoso- 


Albertus Magnus was a German. He was born In the year iao5j 
and died in ia8o. His works are numerous 9 but the moat curious of them 
is his tract entitled Be Alchymia^ wliich contains a very distinct view of 
the state of chemistry in die 13th century. 

Roger Bacon was born in the county of Somerset in England in 1224, 
His merit is too well known to require any panegyric. The greater num» 
her of his writings are exceedingly obscure and even mystical; but he gcr 
nerally furnishes us with a key for their explajialion. Some of them ex- 
hibit a wonderfully enlightened mind for the age in which he wrote. His 
tract Be 7nirah\li Potestaie Artis et Uaiura would have done honour to 
Lord Bacon himself 

Arnoldus de Villa Nova is believed to have been born in Provence, a- 
bout the year 1240. His reputation was very high ; but all of his writings 
that I have examined are exceedingly obscure, and often not intelligible 

Raymond Lully was born ap Barcelona in 1235. His writings arc still 
more obscure than those of Arnold. 

It is not known at what period the Isaacs of Holland livedj tliough it ir 
supposed to have b<2en in the J3th century. 
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l^hers stone ; they all profess to communicate the mctbocl 
of making it ; but their language is enigmatical, that ic 
may be understood by those adc^Dts only who are favoured 
with illuiTiination from heaven. Their writings, in those 
benighted ages of ignorance, gained implicit credit ; and 
the covetous were filled with the ridiculous desire of en- 
riching themselves by means of the discoveries wliicli 
they pretended to communicate* This laid the unwary 
open to the tricks of a set of impostors, who went about 
the world, aiTirming that they were in possession of 
the secret of the philosophers stone, and offering to com- 
municate it to others for a suitable reward. Thus they 
contrived to get possessi(!fci of a sum of money ; apd af- 
terwards they either made off with their booty, or tired 
oiLt the patience of their pupils by intolerably tedious, ex- 
pensive, and ruinous processes. It xvas agaipst these meu 
that Erasmus directed his well-known satire, entitled. 
The Alchymist.’’ The tricks of these impostors gra- 
dually exasperated mankind against the whole fraternity 
of alchymists. Books appeared against them in all quar- 
ters, which the art of printing, just invented, enabled the 
authors to spread with facility ; the wits of the age direct- 
ed against them the shafts of the ir ridicule ^ rnea of sci- 
ence enclcayourcd to point out the imprachcability, or at 
jeast the infinite difficulty of the art; men of learning- 
rendered it probable that it never had been understood ; 
and men in authority endeavoured by laws and punish- 
ments to guard their subjects fro4i the talons of alchymis- 
tical impostors. 

l/niversal Chemists had for many ages hinted at the importance 

iii:;fjicinc. discovering a universal remedy, which should be capa- 

ble of curing, and even of preventing all diseases 5 andt 
rjeveral of ihem had asserted that this remedy was to bq 
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found in the pltilosophers stone, wLich not only con?- 
verted baser metals to gold, but possessed also the 
most sovereign virtue, was capable of curing all disea- 
ses in an instant, and even of prolonging life to an inde^^ 
finite leiigtli, and of conferring on the adepts the gift of 
immortality on earth. This notion gradually gained 
ground ; and the word cheumtj'y, in consequence, at 
length acquired a more extensive signification, and im- 
plied not only the ai't of 77iaking gold, but the art also 
oi p7-'epar{ng the uni^ei^sal medicific^. 

Just about the time that the first of these branches 
was sinking into discredit, the second, and with it the 
study of chemistry, acquired an unparalleled degree of 
celebrity, and attracted the attention of all Europe* 
This was otving to the appearance of Theophrastus 
Paracelsus. This extraordinary man, who was born 
in 1493, near Zurich in Switzerland, was, in the 34th 
year of his age, after a number of whimsical adven- 
tures, which had raised his reputation to a great height, 
appointed by the rpagistrates of Basil to deliver lectures 
in their city ; and thus was the first public Professor of 
chemistry in Europe. In two years he quarrelled with 
the magistrates, and left the city ; and after running 
through a complete career of absurdity and debauchery, 
died at Salzburg in the 4“th year of his age-o 

The character of this extraordinary man is unix’^er- 
sally known. That he was an impostor, and boasted 


* The first man who formally applied chemistry to medicine was 
Basil Valentine, w'ho is said to have been born in 1394, and to have been 
a Benedictine Monk at Eiford in Germany. His Currus itiumphalh 
tmonii is the most famous of his treatises. Tn it he celebrates the virtue;; 
ci aiitimonial medicines,' of xyhich he was the original discoverer. 
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Ong’in of 
chemistry 
as a science, 


of secrets which he did not possess, cannot be denied ; 
that he stole many opinions, and even facts, from 
others, is equally true : his arrogance was unsupport- 
able, his bombast ridiculous, and his whole life a con- 
tinued tissue of blunders and vice. At the same time, 
it must be acknowledged that his talents were great, 
and that his labours were not entirely useless. He con- 
tributed not a little to dethrone Galen and Avicenna, 
who at that time ruled over medicine with absolute 
power ; and to restore Hippocrates and the patient ob- 
servers of Nature to that chair, from which they ought 
never to have risen. He certainly gave chemistry an 
eclat which it did not before possess *, and this must have 
induced many of those laborious men, wbo succeeded 
him, to turn their attention to the science. Nor ought 
we to forget that, by carrying his speculations con- 
cerning the philosophers stone, and the universal medi- 
cine, to the greatest height of absurdity, and by exem- 
plifying their empiiness and uselessness in his own per- 
son, he undoubtedly contributed more than any man 
to their disgrace and subsequent banishment from the 
science. 

Van Helmont, who was born in 1577 , may be con- 
sidered as the last of the alchjmists. His death com- 
pleted the disgrace of the universal medicine. His 
contemporaries, and those who immediately succeeded 
him, if we except Crollius and a few other blind admi- 
rers of Paracelsus, attended solely to the improvement 
of chemistry. The chief of them were Agricola, Ee- 
guin, Glaser, Erkern, Glauber, Kunckel, Boyle, &c. 

- The foundations of the alchy mistical system being 
thus shaken, the facts which had been collected soon 
became a heap of rubbish, and chemistry was left with- 
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out ar j lixed principles, and destitute of an object. It 
was then that a man arose thorougly acquainted with 
the whole of these facts, capable of arranging thern^ 
and of perceiving the important purposes to which they*. 
might be applied, and able to point out the proper ob« 
jects to which the researches of chemists ought to be 
directed. This man, was Beccher. He accomplished 
the arduous task in his work entitled Fhysica Suhter-^ 
raneciy published at Francfort in 1669. The publica- 
tion of this book forms a very important era in the his- 
tory of chemistry. It then escaped for ever from the 
trammels of aichymy, and became the rudiments of the 
science which we find it at present. 

Ernest Stahl, the editor of the Fhysica Siihterranea^ 
adopted, soon after Beecher’s death, the theory of his 
master ; but he simplified and improved it so much, 
that he made it entirely his own \ and accordingly it 
been always distinguished by the name of the 
Stahlian Theory. 

Ever since the days of Stahl, chemistry has been cul- Itsprogressj 
tivated with ardour in Germany and the North ; and 
the illustrious philosophers of these countries have con- 
tributed highly towards its progress audits rapid im- 
provement. The most deservedly celebrated of these 
are Margraf, Bergman, Scheele, Klaproth, &c. 

In France, soon after the establishment of the Aca- 
demy of Sciences in 1665, Homberg, GeofFroy, and 
l^emery, acquired celebrity by their chemical experi- 
ments and discoveriesS and after the new-modelling of 
the Academy, chemistry became the peculiar object of 
a part of that illustrious body. Rouelle, who was made 
Professor of chemistry in Paris about the year I74f5, 
contrived to infuse his own enthusiasm into the whole 
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body of the French literary men ; and from that ftio-* 
ment chemistry became the fashionable study. Men 
of eminence appeared everywhere, discoveries multi- 
plied, the spirit pervaded the whole nation, extended 
itself over Italy, and appeared even in Spain. 

After the death of Boyle and of some other of the ear- 
lier members of the Royal Society, little attention was 
paid to chemistry in Britain except by a few indivi- 
duals. The spirit which Newton had infused for the 
mathematical sciences was so great, that for many 
years they drew within their vortex almost every man 
of eminence in Britain. But when Dr Cullen became 
Professor of Chemistry in Edinburgh in 1756, he kin- 
dled a flame of enthusiasm among the students, which 
was soon spread far and wide by the subsequent disco- 
veries of Black, Cavendish, and Priestley ; and meet- 
ing with the kindred fires which were already burn- 
ing in France, Germany, Sweden, and Italy, the sci- 
ence of chemistry burst forth at once with unexampled 
lustre. Hence the rapid progress which it has made 
during the last fifty years, the iiiversal attention which 
it has excited, and the unexpected light which it has 
thrown on several of the most important arts and ma- 
nufactures. 

Andpre- The object of this Woik is to exhibit as corn- 

suit state. piete a view as possible of the present state of che- 
mistry ^ and to trace, at the same time, its gradual 
progress from its first rude dawnings as a science, to the 
improved state whifh it has now attained. By tlius 
blending the history with the science, the facts will be 
more easily remembered, as well as better understood ; 
and we shall at the same time pay that tribute of re- 
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spect, to which the illustrious improvers of it are justly 
in titled. 

A complete account of the present state of chemistry 
must include not merely a detail of the science of che- 
mistry strictly so called, but likewise the application 
of that science to substances as they exist in nature, 
constituting the mineral, vegetable, and animal king- 
doms. This Work, therefore, will be divided into two 
Parts. The iirst will comprehend the science of 
CHEMISTRY, properly so called ; the second will coa^ 
sist of A CHEMICAL EXAMINATION OF NATURE. 
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.PRINCIPLES 

O F 


CHEMISTRY. 


JLhe object of chemistry is, to ascertain the ingre- 
dients of which bodies are composed ; to examine the 
compounds formed by the combination of these ingre- 
dients; and to investigate the nature of the power 
which occasions these combinations. 

The science therefore naturally divides itself into 
three parts : 1. A description of the component parts of 
bodies, or of simple substances as they are called. 2. A 
description of the compound bodies formed by the union 
of simple substances. 3. An account of the nature of 
the power which occasions these combinations. This 
power is known in chemistry by the name of affinity. 
These three particulars will form the subject of the 
three following Books « 


Object of 
chemistry , 



BOO 
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OF 


SIMPLE SUBSTANCES. . 

— 

ssimple sut)stances is not meant what the ancient 
philosophevs called elements of bodies, or particles of 
matter incapable of farther diminution or clivisioHo 
Pefinkion. They signify merely bodies whicli have not been de- 
compounded, and which no phenomenon hitherto ob- 
served indicate to be compounds. V cry possibly the 
bodies which we reckon simple may be real compounds 
but till this lias actually been proved, rve have no right 
to suppose it. Were wc acquainted with all the ele- 
ments of bodies, and with all the combinations of which 
these elements are capable, tlie scierkie of chemistry 
would be as perfect as possible 5 but at present tliis is 
very far from being the case. 

JDmsion. The simple substances at present known amount io 
about 48 , and naturally divide themselves into two 
classes. ^ The bodies belonging to the first class can 
be confined in proper vessels, and of course exhibited, 
in a separate state. Those which belong to the second 
class are of two subtile a nature to be confined by any of 
the vessels which we possess. They cannot, therefox*ep. 
be exJiibitcd in a separate state t. and their existence is 
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in rred merely from certain phenomena which the firsf 
cl s of bodies and their compounds exhibit in particu* 
la circumstances. Hence it is obviously necessary td 
be icquainted with the properties of the first set of bo- 
di before we can investigate the second. It will be 
ex iedingly convenient to consider these two classes se» 
pa itely. And for want of better terms we shall distin- 
gi3 ;h the first set hy the title of conjinahle bodies^ the se« 
CO 1 by that of unconfinahle bodies "^4 


I. 


^ An apology may be deemed necessary for these two words, which 
ba not been hitherto used by any British writer, I employ them, bc- 
cai : I am acquainted with no English word that expresses ^the idea 
wl: h I wish to convey ; namely, that we are able to confine the first set 
of 1 dies in vessels, but that the second cannot be confined in any ves- 
leh All the terras that have been hitherto employed to characterize 
th< two sets of bodies convey some hypothesis or other, which in a 
Wo ; of this kind it is necessary as much as possible to avoids 
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Division L 


DIVISION I. 


OF 

confinAble bodies. 


Division, The confinable bodies, amounting at present to 
may be arranged under the following heads : 

1. Simple supporters of combustion, 

2. Simple combustibles, 

3- Simple incombustiblesj, 

4. Metals, 

These classes of bodies shall be treated of in their order 
in the four following Chapters, 
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Supporters of coMBusTioii. 


CHAP. I. 

OF SIMPLE SUPPORTERS OF COMBUSTION. 


J ?IE term supporter of comlustion I apply to thoSe De£nitioni 
SI 'Stances which must be j^resent before combustible 
fa( lies will burn* Thus a candle will not burfi unless 
it e supplied with a sufficient quantity of common air^ 

C\ nmon aivy then, is a supporter of combustion. But 
w« are acquainted with several other substances besides 
CO mon air, which answer the same purpose^ and the 
t^i 1 supporter is applied to them alL By simple sup^ 
po\ ers we understand such of those bodies as have noi 
hii erto been decompounded. 

< ae simple supporter only is at present known, name- 
ly. OXYGEN ; SO that the first of our classes includes 
un ^r it only one substance 5 but a substance which acts 
so nportant a part in the phenomena of chemistry^, 
ths: it is proper to become acquainted with it as early 
as ossible. It will form the subject of the following 
Se< LOHo 
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SECT. 1. 

OF OXYGEN. 

Oxygen may be obtained by the following pro- 
cess : 

Method of Procure an Iron bottle of the shape A (fig. 1.), and 
oxygen"^ capable of holding rather more than an English pint. 

To the mouth of this bottle an iron tube bent like B 
(fig. 2.) is to be fitted by grinding. A gun barrel de- 
prived of its butt- end answers the purpose very well. 
Into the bottle put any q^uantity of the black oxide of 
manganese ^ in powder ; fix the iron tube into its 
mouth, and the joining must be air-tight ; then put the 
bottle into a common fire, and surround it on all sides 
with burning coals. The extremity of the tube must 
be plunged under the surface of the water with which 
the vessel C (fig. 3.) is filled. This vessel may be of 
wood or of japanned tin-plate. It has a wooden shelf 
running along two of its sides, about three inches be- 
low the top, and an inch under the surface of the wa- 
ter. In one part of this shelf there is a slit, into which 
the extremity of the iron tube plunges. The heat 
of the fire expels the greatest part of the air contained 
in the bottle. It may be perceived bubbling up through 


* This substance shall be afterwards described. It is now very well 
kno-wn in Britain, as it is in common use with bleachers and several othe? 
manufacturers, from iJidioni it may be easily procured. 
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the water of the vessel C from the extremity of the iron Chap. i. 
tahe. At first the air bubbles come over in torrents ; 
but after having continued for some time they cease al- 
together, Meanwhile the bottle is becoming gradually 
hotter. When it is obscurely red the air-bubbles make 
their appearance again, and become more abundant as 
the heat increases. This is the signal for placing the 
glass jar D, open at the lower extremity, previously fill- 
ed with water, so as to be exactly over the open end of 
the gun-barrel. The air bubbles ascend to the top of 
the glass jar D, and gradually displace all the water. 

The glass jar D then appears to be empty, but is in 
fact filled with air. It may be removed in the follow- 
ing manner: Slide it away a little from the gun- 
barrel, and then dipping any fiat dish into the water be- 
low it, raise it on the dish, and bear it away. The dish 
must be allowed to retain a quantity of water in it, to 
prevent the air from escaping (see fig. 4.) Another jar 
may then be filled with air in the same manner ; and 
this process may be continued either till the manganese 
ceases to give out air, or till as many jarfuls have been 
obtained as are required This method of obtaining 
and confining air was first invented by Dr Mayow, and 
afterwards much improved by Dr Hales. All the airs 
obtained by this or any other process, or, to speak more 
properly, all the airs differing in their properties from 
the air of the atmosphere, have, in order to distinguish 


^ For a more exact description of this and similar apparatus, the 
reader is referred to I^avoisier’s Elements oj Chemistry, and Priestley m 
yffVj, and above ail to Mr Watt’s description of a pneumatic apparatus 
f-n Beddoes’ Csnsideratignt on Factitious siirs^ 
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Another 

method. 


them from it, been called / and this name we shall 
afterwards employ 

Oxygen gas may be obtained likewise by the follow- 
ing process ; 

D (in fig. 5.) represents a wooden trough, the inside 
Qf which is lined with lead or tinned copper. C is 
the cavity of the trough, which ought to be a foot 
deep. It is to he filled with water at least an inch 
above the shelf AB, which runs along the inside of it, 
about three inches from the top. In the body of 
the trough, which may be called the cistern, the jars 
destined to hold gas are to be filled with w’'ater, and 
then to be hfted and placed inverted upon the shelf 
at B. This trough, which was invented by Dr 
l^riestley, has been called by the French chemists the 
pneuinatico-chemical^ or prieumatic apparatus, and 

is extremely useful in all experiments in which 
gases are concerned. Into the glass vessel E put a 
quantity of the black oxide of manganese in powder, 
and pour over it as much of that liquid which in 
commerce is called oil of vitriol^ and in chemistry suU 
plniric acidy as is sufficient to form the whole into a 
thin paste. Then insert into the mouth of the vessel 


■’fc The w'ord was first introdiice-cl Into chemistry by Van Helmoiit ; 
He seems to have intended to denote by it every thing which is driven 
off from bodies in the state of vapour by heat. He divides gases into five 
classes. “ Ncscivit, inquam, scbola Galenica hactenus different! '.nn inter 
gas ventosum (quod mere aer est, id est, ventus per syderuni bias com- 
motus), gas pingiie, gas siccum, quod sublimatum dicitur, gas fuilgino- 
sum, sive endiniicum, et gas sylvestre, sivc incoerclbile, quod in corpus 
cogi non potest visibllc.” Van Helmont de Flat\husy \ 4. Macquer seems 
ro ba\'c introduced the word into the language of modern chemistry. 
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te glass tube F, so closely that no air can escape except 
trough the tube. This may be done either by grind- 
ig, or by covering the joining with a little glazier’s 
attj, and then laying over it slips of bladder or linen 
[pped in glue or in a mixture of the white of eggs and 
uicklime. The whole must he made fast with cord*, 
’he end of the tube F is then to be plunged into the 
neumatic apparatus D, and the jar G, previously filled 
dth water, to be placed over it on the shelf. The 
^hole apparatus being fixed in that situation, the glass 
essel’Eis to he heated by means of a lamp or a candle. 
^ quantity of oxygen gas rushes along the tube F, and 
ills the jar G. As soon as the jar is filled, it may be 
iid to another part of the shelf, and other jars substi- 
uted in its place, till as much gas has been obtained as 
s wanted. The last of these methods of obtaining 
)xygen gas was discovered by Scheelef, the first by 
Priestley 



♦ This process, by which the joinings of vessels are made air-tight, is 
called and the substances used for that purpose are called lutes ^ The 
lute most commonly used by chemists, when the vessels arc exposed to 
heat, is fat lute, made by beating together in a mortar fine clay and boil- 
ed linseed oil. Bees wax, melted with about one-eighth part of turpen- 
tine, answers very well, when the vessels are not exposed to heat. The 
accuracy of chemical experiments depends almost entirely in many cases 
upon securing the joinings properly with luting. The operation i:; al- 
ways tedious ; and some practice is necessary before one can succee J in 
luting accurately. Some very good directions are given by Lavoisier. 
See his Elements, Part iii. chap. 7. Jn many cases luting may be avoided 
altogether by using glass-vesseis properly fitted to each other by grinding 
them with emery. 

I On Air and Fire, P043. Engl. Trans® 

I Priestley qu Air, ii. 154® 
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Book L The gas which we have obtained by the above pro-^ 
cesses was discovered by Dr Priestley on the 1st o£ 
?ypri«dey 1774 , and called by him depMogisticated air^ 

andSchcele. Mr Scheele of Sweden discovered it before 1777, without 
any previous knowledge of what Dr Priestley had done : 
he gave it the name of empyreal air* , Condorcet gave 
it first the name of mtal air / and Mr Lavoisier after- 


Properties 
of oxygen. 


Supports 

Same 


And life. 


wards called it oxygen gas ; a name which is now ge- 
nerally received, and which we shall adopt. 

1. Oxygen gas is colourless, and invisible like com- 
mon air. Like it, too, it is elastic, and capable of inde- 
finite expansion and compression. 

2. If a lighted taper be let down into a phial filled 
with oxygen gas^ it burns with such splendour that the 
eye can scarcely bear the glare of light, and at the same 
time produces a much grea^r heat than when burning 
in common air. It is well known that a candle put in- 
to a well-closed jar filled with common air is extinguish- 
ed in a few seconds. This is the case also with a candle 
inclosed In oxygen gas 5 but it burns much longer in an 
equal quantity of that gas than of common air. 

3 . It was proved long ago by Boyle, that animals 
cannot live without air, and by Mayow that they can- 
not breathe the same air for any length of time without 
suffocation. Dr Priestley and several other philoso- 
phers have shown us, that animals live much longer in 
the same quantity of oxygen gas than of common air. 
Count Morozzo placed a number of sparrows, one af- 
ter another, in a glass bell filled with common air, and 
inverted over water. 


Scheele on Air and Flre^ p, 34. Engl. Trans. 
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The first sparrow lived 3 o 

The second 0 3 

The third 0 1 


He filled the same glass with oxygen gas, and repeat*® 
d the experiment. * 

H. M. 


The first sparrow lived .5 23 

The second 2 10 

The third I 30 

The fourth 1 10 

The fifth O SO 

The sixth O 47 

The seventh 0 27 

The eighth O 30 

The Tninth 0 2 ^ 

The tenth . .•.........••O 21 


le then put in two together ; the one died in 20 mi« 
lUtes, hut the other lived an hour longer. 

4 , It has been ascertained by experiments, which Exists in 
hall be afterwards related, that atmospherical air con- phere™° 
ains 21 parts in the hundred (in bulk) of oxygen gas 5 

nd that no substance will burn in common air previ- 
ously deprived of all the oxygen gas which it contains, 
lut combustibles burn with great splendour in oxygen 
;as, or in other gases to which oxygen gas has been 
dded. Oxygen gas, then, is absolutely necessary for 
ombustion. 

5 . It has been proved also, by many experimentSj^ 
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that no breathing animal can live for a moment in any 
air Dr gas which does not contain oxjgen mixed with 
it. Oxygen gas^ then, is absolutely necessary for re- 
spiration. 

6. When substances are burnt in oxygen gas, or la 
any ciher gas containing oxygen, if the air be examined 
after the combustion, we shall find that a great part of 
the oxygen has disappeared. If charcoal, for instance^ 
be burnt in oxygen gas, there will be found, instead of 
part of the oxygen, another very different gas, known 
by the name of carbonic acid gas. Exactly the same 
thing takes place when air is respired by animals ; part 
of the oxygen gas disappears, and its place is occupied 
by substances possessed of very different properties* 
Oxygen gas then undergoes some change during com- 
bustion, as well as the bodies which have been burnt ; 
and the same observation applies also to respiration. 

7. Oxygen gas is somewhat heavier than common 

air. If the specific gravity of common air be r eckon- 
ed I’OOO, that of oxygen gas, as determined by Mr 
Kirwan, is I* 103^. With this result ihe statement of 
Lavosierf agrees exactly. But Mr Davy found it a 
little heavier j and Fourcroy, Vauquelin, and Seguin^ 
found it a little lighter. Its specific gravity, accord- 
ing to Mr Davy’s experiments, is according 


^ On TLlagJsftfiy p. 25. 

f Elements, Appendix. See also Kirwan on phlogision, p. 37. of Nichpl™ 
son’s translation 

\ Davy’s lUscarchcs, p. 8 . Mr Davy’s oxygen gas was procured from 
oxide of manganese. It is possible that it contained a little carbonic uM 
gas. The tests used would not have excluded that body. This would 
«plain its greater specific gravity. 
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to the French chemists, At the temperature Cfiap.i 

of and when the barometer stands at 30 inches, 

100 cubic inches of common air weigh very nearly 31 
grains t* JOO inches of oxygen gas, at the same tem- 
perature and pressure, weigh, according to Kirwan and 
Lavoisier, 34 grains ; according to Mr Davy, 34*74 
grains ; and according to Fourcroy, Vauquelin, and Se« 
guin, 33*60 grains. 

8. Oxygen gas Is not sensibly absorbed by water. Combing 
though jarfuls of it be left in contact with that liquid, water. 

It has been ascertained, however, that water does in 
reality absorb a small portion of it, though not enough 
to occasion any perceptible diminution in the bulk of 
the gas. When water is freed from all air by boiling, 
and the action of the air pump. Dr Henry ascertained, 
that 100 cubic inches of it will imbibe 3*55 inches of 
oxygen gasj. By forcing oxygen gas into a bottle 
of water by means of strong pressure, the water maybe 
made to absorb about half its bulk of that gas, and to 
retain it in solution. This experiment was first made 
by Mr Paul, a celebrated preparer of mineral waters, 
now settled in London. Water thus Impregnated does- 
not sensibly differ from common water either in taste 
or smell, yet it has been found a valuable remedy in 
several diseases 


Ann. ic Chim.vx.. 34. 

I Sir John Shudtburgh Evelyn, as q^uoted by Kirwan on phlogiston f 
P* 33* 

t PhiL Trans. 1 803, p. 1 74. 

§ Sec Dr Odier’s observations on it in the 8th and lOth vols of the 
BihlMeque Britannique j and the Appendix to Mr Paul’s little publica- 
tion on his Artificial Mineral Jfaitrs^ 
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0. Oxygen is capable of combining with a great niim-» 
ber of bodies, and of forming compounds. As the com- 
bination of substances with each other is of the utmost 
importance in chemistry, before we proceed farther it 
will be proper to explain it. When common salt is 
thrown into a vessel of pure water, it melts, and very 
soon spreads itself through the whole of the liquid, as 
any one may convince himself by the taste. In this 
case the salt is combined with the water, and cannot 
afterwards be separated by filtration, or any other me- 
thod merely mechanical. It may, however, by a very 
simple process: Pour into the solution a quantity of 
spirit of wine, and the salt falls slowly to the bottom in 
the state of a very fine powder. 

Why does the salt dissolve in water ? and why does 
it fall to the bottom on pouring in spirit of wine? 
These questions were first answered by Sir Isaac New- 
ton. There is a certain attraction between the particles 
of common salt and those of water, which causes them 
to unite together whenever they are presented to one 
another. There is an attraction also between the par- 
ticles of water and of spirit of wine, which equally dis- 
poses them to unite, and this attraction is greater than 
that between the water and salt 5 the water therefore 
leaves the salt to unite with the spirit of wine, and 
the salt, being now unsupported, falls to the ground by 
its gravity. This power, which disposes the particles 
of different bodies to unite, was called by Newton 
traction, by Bergman elective attraction, and by many . 
of the German and French chemists affinity"^ ^ and 


^ The word •ffnity seems first to have been kitroduced into science 
by Dr Hooke. See his Idicrographiat 
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this last term Is now employed in preference, because 
the other two are rather general. All substances which 
are capable of combining together are said to have an 
affinity Jor each other : those substances, on the con- 
trarjr, which do not unite, are said to have no affinity 
for each other. Thus it is said that there is no affinity 
between water and oil. It appears from the instance 
of the common salt and spirit of wine, that substances 
differ in the degree of their affinity for other substan- 
ces, since the spirit of wine displaced the salt and uni- 
ted with the water. Spirit of wine therefore has a- 
stronger affinity for water than common salt has. 

In 1719, Geoffroi invented a method of representing 
the different degrees of affinities in tables, which he 
called tables of affinity. His method consisted in pla- 
cing the substance whose affinities were to be ascer- 
tained at the top of a column, and the substances with 
which it united below it, each in the order of its affini- 
ty ; the substance which had the strongest affinity next 
it, and that which had the weakest farthest distant, and 
so of the rest. According to this method, the affinity 
of water for spirit of wine and common salt would be 
marked as follows ; 


Chap. I» 

^ 


Water. 


Spirit of wine 
Common salt. 

This method was universally adopted, and has contri- 
buted very much to the rapid progress of chemistry. 

We shall see as we proceed the order which sub- 
stances fpllow in their affinity for oxygen. 



30 


SIMPLE COMBUSTIBLES. 


Book L 
Division I. 


CHAP. ir. 

OF SIMPLE COMBUSTIBLES, 


By combustibles I mean substances capable of combus- 
tion ; and by simple combustibles y bodies of that nature 
which have not hitherto been decompounded. These 
Number. bodies are only four in number ; namely, HYDROGEN, 
Carbon, Phosphorus, and Sulphur. The metals 
might indeed be classed among combustible bodies j 
but the greater number of their properties are so differ- 
ent from those of the four bodies just mentioned, that it 
is proper to consider them by themselves as a distinct 
class of bodies. All our classifications are in fact arti*- 
ficial ; Nature does not know them, and will not sub- 
mit to them. They are useful, however, as they ena- 
ble us to learn a science sooner, and to remember it bet- 
ter ; but if we mean to derive these advantages from 
them, we must renounce a rigid adherence to arbitrary 
definitions, which Nature disclaims. 
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Chap. IL 

^ 


SECT. L 

OF HY D R 0 G E 

Hydrogen, the first of the simple combustibles, may 
he procured by the following process. 

Into a retort having an opening at (fig. 7.), put 
one part of iron filings ; then shut the opening A with a 
cork, through which a hole has been previously drilled 
by means of a round file, and the bent funnel B passed 
through it. Care must be taken that the funnel and 
cork fit the retort so as to be air- tight. Plunge the 
beak of the retort C under water ; 'then pour through 
the bent funnel two parts of sulphuric acid previously 
diluted with four times its bulk of water. Immediate- 
ly the mixture begins to boil or effernjesce with violence, 
and air-hubbles rush abundantly from the beak of the 
retort. Allow them to escape for a little, till you sup- 
pose that the common air which previously filled the 
retort has been displaced by the newly generated air. 
Then place an inverted jar on the pneumatic shelf over 
the beak of the retort. The bubbles rise in abundance 
and soon fill the jar. The gass obtained by this process 
is called hydrogen gas* It was formerly called mjiam-^ 
mahle air^ and by some chemists phlogiston* 

It may be procured also in great abundance and pu- 
rity, by causing the steam of water to pass through a 


^ Such retorts are called tubulated by chemists. 
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^ook 1/ red hot iron tube. This gas being sometimes emitted 
^ in considerable quantities from the surface of the earth 
in mines, had occasionally attracted the notice of ob« 
Discovery. servers^, and indeed was the dread of miners under the 
name of fire damp^ Mayowf, Boyle t, and Hales, pro- 
cured it in considerable quantities, and noted a few of 
its mechanical properties. Its combustibility was 
known about the beginning of the 1 8th century, and 
was often exhibited as a curiosity J, But Mr Caven- 
dish ought to be considered as its real discoverer ; since 
it was he who first examined it, who pointed out the 
difference between it and atmospheric air, and who ascer- 
tained the greatest number of its properties [|. They 
were afterwards more fully investigated by Priestley, 
Scheele, Sennebier, and Volta. 

1. Hydrogen gas, like air^ is invisible and elastic, and 
capable of indefinite compression and dilatation. When 
prepared by the first process it has a disagreeable smell, 
similar to the odour evolved when two flint stones are 
rubbed against each other. This smell must he ascri- 
bed to some foreign body held in solution by the gas j 
for the hydrogen procured by passing steam through red 
hot iron tubes has no smell. 


^ See an instance related in PJAL Imrans, Abr. i. 1694 
f 'Tract at us quhque^ p. 1 63, 
t Shaw’s Boytsy iii. 21. 

*§ Cramer's Elementa DocimasUy I. 45. This book was published in 
1739. — Wasserberg relates a story of an accidental explosion which ter- 
rified Professor Jacquin’s operator. Wasserberg’s InstHuthnes Chmiaty, 
i 184. 

(I PhlL Trans^ l^66j voL Ivi p. J 4 I 8 
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2. It is the lightest gaseous body with which we are ^ Chap, ir.^ 
acqnamted. If the specific gravity of common air be: WdgHt. 
reckoned I’OOO, the specific gravity of hydrogen gas, 

as determined by Mr Kitxvan, will be 0.0343 Mt 
Lavoisier states it as only 0‘0*756f, while MessrsFoiir- 
croy, Vauqiiclln^ and Seguin j:, make it a.OSST. Mr 
feirwan’s estimate appears to me the most correct.' At 
the temperature of 60®, while the barometer stands at 
30 inches, 100 cubic inches of hydrogen gls weigh, 
according to Kirwan, 2*613 grains troy $ according to 
Lavoisier, 2‘372 grains; and according to Fourcroj,’ 
Vauquelin, and Seguin, 2*75 grains. It is very nearly- 
12 times Izgliter than common air. 

3 . All burning substances are immediately extin- Action or; 
guished by being plunged into this gas. It is incapable 
therefore of supporting combustion. 

4. When animals are obliged to breathe it, they soon Onamnials. 
die. A mouse put into a jar of it by Dr Gilby of 
Birmingham lived 30 seconds without inconvenience ; 

but in 1 minute 33 seconds it was dead. Dr Beddoes 
kept a rabbit in it 7 minutes ; it was much distressed 
and weakened, hut recovered ‘Scheele found that 
be could make 20 inspirations of it withoitt much in- 
convenience 1} ; but Fontana, who repeated the experi- 
ment, affirmed that this was owing to the quantity of 
cbnimon air contained, in the lungs when he began to 
breathe ; for on expiring as strongly as possible before 


On PhhgUton.^ p. %G. f FJements. Appendh.' 

I A>in. de Chim. ix* 294, J Bt'ddoes on Factitious ji'rs, p. 3I, 3^':' 

II Scheelc on Jlirnnt! Fh'."j p. do. 
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respirations, and even these three produced extreme 

feebleness and oppression about the breast’*^. The as- 
sertion of Scheele was fully verified by Pilatre de Ro- 
zierf and Mr Wattf. 

The ingenious Mr Davy, professor of chemistry in 
the Royal Institution, to whom we are indebted for 
many curious and important, but rather hazardous ex^ 
j^eriments on respiration, made chiefly upon himself, 
after a complete voluntary exhaustion of his lungs, 
found great difficulty in breathing this gas for so long 
as half a minute. It produced uneasy feelings in the 
chest, momentary loss of muscular power, and some- 
times a transient giddiness §. But when he did not 
previously empty his lungs, he was able to breathe it 
for abou^ a minute without much inconvenience |[. 
When much diluted with common air, it may be 
breathed without injury. 


^ Jour, de Fhys, xv. 99. 

+ He breathed hydrogen gas six or seven times from a bladder with« 
out inGonvtiiience. To demonstrate that it w'as really hydrogen gas 
which he was breathing, he made a strong inspiration, and expired the 
air slowly through a long tube. On bringing a lighted taper to the end 
of the tube, the gas touk fire, and continued to bum for some time. It 
was objected to him, that the gas which he breathed was diluted with 
common air. To show that this was not the case, he mixed together 
one part of common air and nine parts of hydrogen gas ; and having 
drawii the mixture into his lungs, he threw it out the same way. On 
applying a taper to the tube, th^jjivhole of the gas exploded in his mouthy 
and almost stunned him. At first he thought that the whole of his teeth 
had been driven out ; but fortiuiately he received no injury whatever. 
See Jour., de Yhys. XXviii. 425. 

I Beddocs un the Use and Production of Fdotitious p, IlQ. 

J Davy’s Researches^ p. 400. jj Ibid. p. 466, 
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5. if a pHal be filled with hydrogen gas/ and a UgHt- 
led candle be brought to its mouth, the gas will take fire, 
and burn gradually till it is all consumed. If the hy- 
drogen gas be pure, the flame is of a yellowish white 
colour ; but if the gas hold any substance in solution, 
which is often the case, the flame is tinged of different 
■colours, according to the substance. It is inost usually 
reddish f. A red hot iron likewise sets fire to hy- 
drogen gas. From my experiments it follows, that 
the temperature at which the gas takes fire is aboilt 
1000 ®* 

If pure oxygen and hydrogen gas be mixed together, 
they remain unaltered ; but if a lighted taper be brought 
into contact with them, or an electric spark be made to 
pass through them, they burn with astonishing rapidi- 
ty, and produce a violent explosion. If these two gases 
be mixed in the proportion of one part in bulk of oxy- 
gen gas and 2’ 05 parts of hydrogen gasf, they explodfe 
over water without leaving any visible residuum ; the 
vessel in which they were contained (provided the gases 
were pure) being completely filled with water. This 
important experiment was made by Scheele § ; but for 
want of a proper apparatus he was not able to draw 
the proper consequences. Mr Cavendish made the ex- 
periment in dry glass vessels with all that precision 


f Hydrogen always holds in solution a certain portion of the metal 
by means of -which it was produced. - This affects the colour of its flame 
very much at first ; but when the gas is kept, most of the metallic mat- 
ter is deposited. 

I Ann, de Chim. ix. 41. 

\ Scheele A'tr and Ft re, p. 57. * 
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and sagacity which characterise his philosophical la> 
hours, and ascertained, that after the combustion there 
was always deposited a cj[iiantity of water equal in 
weight to the two gases which disappeared. Hence 
he concluded that the two gases had combined and 
formed this water. This inference, was amply confirm-^ 
ed by the subsequent experiments of Lavoisier and his 
friends'*^*. Water, then, is a compound of oxygen and 
hydrogen, united in the proportion of 85y parts by 
weight of oxygen, and 14 of hydrogent* 

When 4 measures of hydrogen gas are mixed with 
10 measures of common air, the mixture detonates with 
equal violence ; and if the experiment be made in glass 
tubes, 8 measures only will remain after the cOjHibustion. 
The whole of the hydrogen gas is consumed, and like- 
wise all that part of the common air which consists of 
oxygen gas, and there is formed a quantity of water 
equal in weight to these two bodies. This experiment 
is often employed to ascertain the purity of hydrogen 
gas. Common air and the hydrogen gas to be examin- 
ed are mixed in certain proportions in a glass tube, gra- 
duated lUid close at one end j they are then fired by an 
electric spark. The purity of the gas is proportional 
i'O the diminution of bulk. Thus, when the bulk of a 
mixture of lour j)arts of hydrogen gas and ten parts 


* IKc iiistcry of this great discovery, and the objections which have 
been made to it, will be given in the Section which treats of Watzr., 
•where they will be better understood than they can be at present. If. 
ought never to bo that Newton had long before, with a saga- 

city ahnojir, greater :ha-! human, conjectured, from the great refracting 
power of V. atur, that it amtums a combustible substance* 
j- Fourcroy, Vauc][uelin, and Seguin, Ann, de Qhim, ir. 45, 
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©f ftir is diminislied after the explosion to eight parts, 
the hydrogen gas may be considered as pure 9 if only 
to nine, it contains some foreign ingredients 5 and so 
on* This method of detecting the purity of hydrogen 
gas was first employed by Berthollet. Volta, indeed, 
had employed it before him ; but for a diiFerent pur- 
pose^. The glass tube used for similar experiments 
is usually called by foreign chemists Volta* s cudio-- 
m£ter» 

6. It had been supposed, in consequence of the ex- 
periments of Dr Priestley and several other philoso- 
phers, that when hydrogen gas is allowed to remain in 
contact with water, it is gradually decomposed, and 
converted into another gas , but Mr de Morveauf, Mr 
Hassenfratzt, and Mr LibesJ, have shown, that it un- 
dergoes no change, provided sufficient care be taken to 
exclude every other gas. 

7 . Hydrogen gas is not sensibly absorbed by water, 
though left for some time in contact with it. When 
water is previously deprived of all its air by boiling, 
100 cubic inches of It imbibe 1*53 inches of hydrogen 
gas at the temperature of 60® ||. By artificial pressure, 
water may be made to absorb about the third part of 
its bulk of that gas. The taste of the w^ater is not sen- 
sibly altered. Mr Paul, xvho first formed this com- 
pound, informs us, that it is useful in inflammatory 
fevers and in nervous complaints 5 but it is injurious 
in dropsy^. 
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* Crcll’s Annals, 1785,11, 287. f Encyc, Method, Chim, J. 754, 

I Ann,de Chim.i.X^ 2 , % Jour, de Phys.'SLtxsri 412, 

Henry, TfjU, Trans, t8c.^, p. 274. f Pfdl, 93. 
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Sticli are the properties of hydrogen gas ; one of the 
most remarkable and best known of the simple bodies^^ 
though its discovery cannot be dated farther back than 
do years^ 


SECT. IL 

OF CARBO;^ AND THE DIAMOND. 

Method erf a piece of wood be put into a crucible, weU cpvered 
chSoSf with sand, and kept red hot for some time, it is con- 
verted into a black shining brittle substance, without 
either taste or smell, well known under the name of 
charcoal. Its properties are nearly the same from 
whatever wood it has been obtained, provided it be ex- 
posed for an hour in a covered crucible to the heat Q,f 
a forge 

s:s proper- 1. Charcoal is insoluble in water. It is not affected 
(prov^’ded that all air and moisture be excluded) by 
the most violent heat which can be applied, except- 
ing only tluit it is rendered much harder and more 
brilliant J. 

It is an excellent conductor of electricity, and pos- 
sesses besides a number of singular properties, which 
I'ender it of considerable importance. It is much less 


f Unless that precaution be attended to, the properties of charcoal dif- 
fer considerably. 

t This property was well known to the older chemists. Sec 11 off- 
F':inii*s Observationes JPhsm-Chymicsie Selutmss^ P.29S. 
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liable to putrefy or rot than wood, and is not therefore 
so apt to decay by age. This property has been long 
known. It was customary among the ancients to char 
the outside of those stakes which were to be driven into 
tile ground or placed in water, in order to preserve the 
wood from spoiling. New-made charcoal, by being 
rolled up in cloths which have contracted a disagreeable 
odour, effectually destroys it. When boiled with meat 
beginning to putrefy, it takes away the bad taint. It is 
perhaps the best teeth-powder known. Mr Lowitz of 
Petersburgh has shown, that it may be used with ad- 
vantage to purifyja great variety of substances^. 

2. New-made charcoal absorbs moisture with avidi- 
ty, Messrs Allen and Pepys found, that when left for 
a day in the open air, it increased in weight about 12f- 
per cent. The greatest part of this increase was owing 
to moisture which it emitted again copiously when ex- 
posed under mercury to the hpzt of 214® t* 

3 . When heated to a certain temperature, it absorbs 
air copiously. La Metherie plunged a piece of burn- 
ing charcoal into mercury, in order to extinguish it, 
and introduced it immediately after into a glass vessel 
filled with common air. The charcoal absorbed four 
times its bulk of air. On plunging the charcoal into 
water, one-fifth of the air was disengaged. This air, 
on being examined, was found to contain a much small- 
er quantity of oxygen than atmospherical air does. He 


* See upon the properties of charcoal the experiments of Lowitz, 
Crell’s Annalsy ii. 165. Engl. Trans, and of Kels, ibid. iii. ^70. 

f Allen and Pepys on the quantity of carbon in carbonic acid. Vhlh 
Trans. 1S07. 
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extinguished another piece of charcoal in the same man- 
ner, and then introduced it into a vessel filled with oxy- 
gen gas. The quantity of o 3 ;ygen gas absorbed amount- 
ed to eight times the bulk, of the charcoal 5 a fourth 
part of it was disengaged on plunging the ehatcoal intq 
water 

This properly of absorbing air, which new-made 
charcoal possesses, was observed by Fontana, Priestley, 
Scheele, and Morveau ; but Morozzo was the first phi- 
losopher who published an accurate set of experiments 
pn the subject f. 

These experiments have been lately repeated upon a 
larger scale by Mr liouppe, professor of phemi$try a| 
Rotterdam, and Dr Van Noorden of the saihe city. 
They filled a copper box, which was made air-tight, 
with red-hot charcoal, allowed it to cool lihder water, 
and then introduced it into a glass j ar full of air. Se ven- 
teen cubic inches of cha;:coal absorbed, in five hours, 
43 cubic inches of air, or 2'S times its bulkj. This 
absorption, though much more considerable thaii could 
have been expected from former experiments, has been 
confirmed by Morozzo, who has lately published anew 
set of experiments on the absorj)tion of gases by char- 
coal. The instrument he employed was very simple ; 
a glass tube open at one end and furnished with a steel 
stopcock at the other; to the stopcock was fitted another 
•stopcock, having in it a cavity into which the red-hot 
charcoal was placed. When the charcoal was put into 
its cavity, and the stopcocks adjusted by turning the 
key, the gas which filled the tube w^as brought into 


your, dc Phys, XXX. 309. 

t Chlm-o xxxji- 3- 


\Jour.di:P(jys. 
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on tact with the charcoal. The tube was of such a Chap, 
ize, that at the temperature of 57^ it held a volume of 
lir weighing 4*5 grains, and the charcoal used was of 
beech- wood, and weighed about 36 grains. The result 
of his experiments was as follows : — 

The absorption of common air amounted to 0*41 
of the whole that of hydrogen .gas to 0*17. The ef- 
fects of charcoal, w’hen exposed in this manner to pure 
oxygen gas, if we believe Morozzo, are very remark- 
able indeed. On allowing the two bodies to remain in 
contact for several days, the whole of the oxygen was 
absorbed. Other experimenters had obtained an. absorp-* 
lion not exceeding f of the gas^. The charcoal by- 
absorbing the gases acquired -weight, and it gave out on- 
ly a small quantity of air when plunged under water.. 

From the experiments of Sennebier, it was concluded 
that charcoal, when exposed to the atmosphere, absorbs 
oxygen gas in preference to azote^ as the other portion 
of common air is calledf. But Rouppe and .Van 
Noorden have shown, that this happens only when the 
charcoal is hot : cold charcoal, they found, absorbed 
atmospheric air unaltered. 

Morozzo observed, that the absorbent power of 
the charcoal varied according to the wood from which 
it was procured. The charcoal of beech and box- 
wood absorbed most air ; the charcoal of willow and 
poplar w^as a little inferior ; that of hazel and vine-twigs, 


Nicholson’s J«3r/r. ix. 255. and x. 12 * 
I jeur, de Phys. xxx. 309. 
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Still worse ; and the charcoal from cork, which is 
tremely light, absorbed least of ali^. 

4. When charcoal is heated to about 802®+, or when 
it is made nearly red hot, and then plunged into oxy- 
gen gas, it takes fire ; and, provided it has been pre- 
viously freed from the earths and salts which it ge- 
nerally contains, or if we employ lamp Mack, which 
is charcoal nearly pure, it burns without leaving any 
residuum. But the air in which the combustion has 
been carried on has altered its properties very consider- 
ably, for it has become so noxious to animals that they 
cannot breathe it without death. If small pieces of 
dry charcoal be placed upon a pedestal, in a glass jar 
filled with oxygen gas, and standing over mercury, 
they may be kindled by means of a burning glass, and 
consumed. The bulk of the gas is not sensibly altered 
by this combustion, but its properties are greatljr 
changed. A great part of it will be found converted 
into a new gas quite different from oxygen. This new 
gas is easily detected by letting up lime-water into the 
jar : the lime water becomes milky, and absorbs and 
condenses all the new-formed gas. This new gas has 
received the name of carbonic acid. Mr Lavoisier as- 
certained, by a very laborious set of experiments, that 
it is precisely equal in weight to the charcoal and oxy- 


♦ Nicholson, Hid. 2116. Jovr. de 467. The increase of weigln: 

of charcoal had been observed also by Dr Watson. See his Ess ays ^ 
hi* 42. - ^ 

f I estimated this temperature by ascertaining the time at vi^hich char- 
coal ceased to burn on an iron plate which had been heated to redness, and 
measuring the rate of cooling by Sir Isaac Newton’s method, to be de- 
scribed hereafter, 
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j n which disappeared during the combustion. Hence Chap, n. 
! 5 concluded, that carbonic acid is a compound of char- 
)al and oxygen, and that the combustion of charcoal 
. nothing else than its combination with oxygen*., 

Ir Lavoisier concluded from his experiments, that 
very 28 parts of charcoal, during their combustion, 
nited with 72 parts of oxygen, and that carbonic acid 
i composed of these two bodies combined in that pro- 
lortion. The experiment is of difficult execution ; yet 
t has been made by other philosophers with nearly 
he same result. The mean of five experiments made 
ivith great care by Messrs Allen and Pepys, gives for 
tjhe constituents of carbonic acid, 
charcoal 28*6 
oxygen 71*4 

100*0t 

This result differs so little from that obtained by Lavoi- 
sier, that in the present state of chemistry we may adopt 
the numbers of that illustrious philosopher as sufficient- 
ly precise. 

■ When considerable quantities of charcoal are con- 
sumed in oxygen gas, some time after the commence- 
ment of the combustion a quantity of water deposites 
itself and trickles down the inside of the glass. This 
happens however dry the oxygen was, and however 
well the charcoal was prepared ; but after the combus- 
tion has continued for a certain time the water is taken 
up again and disappears f. This deposition of water 


Mem. Far. 1781, p. 448. f FMl, Trans, 1^07. 

I Bcrthollet’s Stati^ne Chmique, ii, 451, 
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induced Mr Lavoisier to conclude that charcoal is not 
a simple substance, but that it is a compound of at least 
two bodies, both of which, during the combustion of 
charcoal, unite to oxygen, and form, the one water ^ and 
the other carhonic acid. The first we know to be hydro^ 
geti ; the second Lavoisier called carlon. Charcoal then, 
according to Lavoisier, is a compound of hydrogen and 
carbon. He even estimated the hydrogen in common 
charcoal as ^th of the whole. The subsequent experi- 
ments of other chemists, especially those of Priestley, 
Cruikshanks, and Berthollet junior, have amply con- 
firmed this deduction of Lavoisier. Charcoal, then, is 
not pure carbon ; but as the greatest part of it consists 
cf that body, we may consider it as capable of giving 
us some idea of its properties. We are acquainted wdth 
carbon, however, in a state apparently very different : 
in that state it constitutes the diamond. 

5. The diamond is a precious stone, which has been 
known from the remotest ages. When pure, it is per- 
fectly transparent like crystal, but much more brilliant. 
Its figure varies considerably 5 but most commonly it 
is crystallized in the form of a six-sided prism, termi- 
nated by a six-sided pyramid. It is the hardest of all 
bodies ; the best tempered steel makes no impression 
on it ; diamond powder can only be obtained by grind- 
ing one diamond against another. Its specific gravity 
is about 3*5. It is a non-conductor of electricity. 

U. As the diamond is not affected by a considerable 
heat, it was for many ages considered as incombustible, 
iir Isaac Newton, observing that combustibles refract 
light more powerfully than other bodies, and that the 
diampnd possesses this property in great perfection, 
suspected it, from that circumstance, to be capable of 
combustion. This singular conjecture was verified in 
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394 by the Florentine academicians. In the presence . 
c Cosmo III. Grand Duke of Tuscany. By means 
f a burning-glass they consumed several diamonds, 
rancis I. Emperor of Germany, afterwards witnessed 
le destruction of several more in the heat of a furnace, 
.''hese experiments were repeated by Darcet, Rouelle, 
facquer, Cadet, and Lavoisier ; who proved that the 
iamond was not merely evaporated, but actually 
urnt, and that if air was excluded it underwent no 
hange’^. 

Mr Lavoisier prosecuted these experiments with his 
Lsual precision *, burnt diamonds in close vessels by 
neans of powerful burning glasses ; ascertained, that 
luring their combustion carltonic acid gas is formed 5 
ind that in this respect there is a striking analogy be- 
weea them and charcoal, as well as in the affinity of 
)oth when heated in close vesselsf . A very high tem- 
perature is not necessary for the combustion of the dia- 
noiid. Sir George Mackenzie ascertained that they 
burn in a muffle J when heated to the temperature of 
14 ^^ of WedgewooePs pyrometer ; a heat considerably 
less than is necessary to melt silver §. When raised to 
this temperature they waste pretty fast, burning with 
a low flame, and increasing somewhat in bulk ; their 
surface too is often covered with a crust of charcoal, 
especially when they are consumed in close vessels by 
means of burning glasses |[. 


jMew. Par. I766, 1770, 1771, 177 ^. 
f Lavoisier’s OpuscuUs^ ii. as quoted' by Macquer. DUt. i. 337. 

I A ffiiijjh is a kind of small earthen-ware oven, open at one end, an 1 
firred iiifo a furnace. 

f Nicholson’s ^arto Jour. iv. lO^. • . 

^ Macquer and l.avoisier. Macquer’s Dla, Ibid. 
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. In 1785, Guyton-Morveau found that the diamond iS 
combustible when dropped into melted nitre ; that it 
burns without leaving any residuum, and in a manner 
analagous to charcoal Mr Smithson Tennant repeat- 
ed this experiment with precision in 1797. Into a tube 
of gold he put 120 grains of nitre, and 2*5 grains of 
diamond, and kept the mixture in a red heat for half 
an hour. The diamond was consumed by the oxygerr, 
which red hot nitre always gives out. The carbonic 
acid formed was taken up by means of lime, and after- 
w’-ards separated from the lime and measured. It oc- 
cupied the bulk In one experiment of 10 *3 ounces of 
water, and in another of 10*1 : the mean Is equal to 
19*36 inches of carbonic acid, which have been ascer- 
tained to weigh nearly 9 grains. But *0 grains of car- 
bonic acid, by Lavoisier’s experiments, contain almost 
exactly 2*5 grains of carbon, which was the original 
weight of the diamond f. Thus Mr Tennant ascertain- 
ed, that the whole of the diamond, like charcoal, is con- 
verted by combustion into carbonic acid gas. 

As the proportion of carbonic acid formed by the 
combustion of diamond, is very nearly the same accord- 
ing to Tennant’s experiment, as what would have been 
yielded by the same weight of good charcoal ; it 
ought to follow, that diamond and charcoal consist both 
jof exactly the same constituents. But when we con- 
sider the very different properties of the two substances, 
we feel a strong repugnance to embrace this conclusion. 

The experiments of Lavoisier were repeated in 1800 
by Morveau, who consumed various diamonds in glass 


f 4 1797, p. 123, 


^ jMcthodt Chim, i. 743 ’. 
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globes filled with oxygen gas, by exposing them to the 
focus of the large burning glass of Tschirnhaus, He 
found that one part of diamond, during its combustion, 
combines with 4*55 parts of oxygen, and the carbonic 
acid gas formed amounts to 5*55 parts. Consequently 
carbonic acid gas is composed of one part of diamond 
and 4*55 of oxygen ; or, which is the same thing, 100 
parts of carbonic acid gas are composed of 
17*88 diamond 
82*12 oxygen 

lOO-OO'"^ 

This experiment cannot be reconciled with that of 
Mr Tennant. Were it to be depended on, it would de- 
monstrate that charcoal and diamond are essentially dif- 
ferent; since the first requires only 2*57 times its weight 
of oxygen to convert it into carbonic acid, while the last 
requires 4*55 times its weight to undergo the same 
change. This difference could be explained only by 
supposing that charcoal already contains a considerable 
proportion of oxygen, w^hich is wanting in diamond. 
But as several circumstances, in the experiment of 
Guyton-Morveau, rendered its precision questionable, 
it became requisite to repeat it, before the conclusions 
founded upon it could be admitted as esta]-.lished. This 
was done with every requisite precaution by Messrs 
Alien and Pepys in the year 1S07; and we have every 
reason to confide in the accuracy of the results wliich 
they obtained. They found that diamond when burnt 
required the same weight of oxygen, and formed tlie 


Chap.H. 
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same quantity of carbonic acid as well burnt cliar« 
coal'*^. Some inaccuracy, therefore, must have crept 
into Morveau’s experiment. As far as experiment has 
gone, the constituents of diamond and charcoal are abso- 
lutely the same. Now as the presence of hydrogen 
has been denoonstrated in the latter, we must admit it 
also in the former ; a conclusion which corresponds 
with the previous deductions of Biot, founded on the 
power of the diamond to refract light. At the same 
time, it must be admitted that considerable obscurity 
still hangs over this subject. The properties of dia- 
mond and charcoal are different in almost every re- 
spect ; if their composition be the same, it is impossible 
to explain upon what that difference depends. 

Such are the facts that have been ascertained re- 
specting the combination of carbon with oxygen. Let 
us now examine the compounds which it forms with 
hydrogen. 

7. When charcoal is exposed to a strong heat in an 
iron retort, there is disengaged from it a gas which has 
the property of burning with a blue flame, and tyhich 
is considerably heavier than hydrogen gas ; hence it 
received the name of heavy hijlaiizmablc air, A gas 
possessed of similar properties is obtained by causing 
steam to pass through a tube filled with red-hot char- 
coal ; by passing spirit of wine, ether, or camphor, 
through red-hot tubes ; by distilling oils, wood, bones, 
or indeed almost any animal or vegetable body what^ 
ever. These heavy inflammable airs were occasionally 
collected by Dr Priestley, but they were first partici> 
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larlj examined by Mr Lavoisier^ Dr Higgins, and Dr 
Austin, who ascertained, that when they are mixed 
with oxygen gas and burnt, the products are only 
ter and carhoriic acid. Hence it was concluded, -that 
they are composed of carbon and hydrogen ; arid the 
term carbureted hydrogen gases, indicating their consti- 
tuents, was applied to them. These gases^i in conse- 
quence of the experiments of Dr Priestley,* have 
lately attracted the attention of chemists ; and many im- 
portant additions have been made to our knowledge 6f 
them, chiefly by the Dutch chemists, by Mr Cruik- 
shanks, Mr Berthollet, and Dr William Henry. But 
notwithstanding the merit and sagacity of these philo- 
sophers, the nature of the gases is still involved in 
considerable obscurity, owing in a great measure td 
our uncertainty of the proportion of carbon in carbonic 
acid. The opinion of Dr Henry and Mr Dalton, that 
there are only three species of hean)y injiammahle air^ 
and that all the variety which we obtain is produced by 
mixtures of these in various proportions, seems to me 
much more probable than the opinion of Berthollet, 
that their number is indefinite* Let us endeavour to 
state the facts respecting these three species of gas as 
distinctly as possible. 

S. There is a gas which rises spontaneously in hot 
weather from marshes and stagnant water, and which 
may be easily collected in considerable quantities ; this 
gas was examined by Dr Priestley, and more lately by 
Mr Cruikshanks and Mr Dalton. It is invisible 
and elastic, like common air, and it burns with more 
brilliancy than hydrogen gas. Its specific gravity, ac- 
cording to Cruickshanks, 0.6’77’74j that of common 
air being 1*000, One hundred cubic inches of it, at 

VoL /. i) 
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^0^, weigh 21 grains^. When mixed with oxygen 
gas and fired by electricity, it explodes, and leaves a 
residue more bulky than the original mixture ; but 
lime-water absorbs the greatest part of it. The sub- 
stances formed during this combustion are carbonic 
acid and water. Hence it is obvious, that the gas is 
composed of carbon and hydrogen. It is therefore en- 
titled to the name of carbureted hydrogen. But after 
the carbonic acid has been removed (supposing it had 
been mixed with oxygen in the exact proportion to 
consume the whole of that body), Mr Dalton has as- 
certained, that there alw^^ays remains a residue amount- 
ing to about yth of the gas from stagnant water originally 
used. This residue possesses the properties of the gas 
called asi^ote\f which we shall examine in a subsequent 
chapiter. The gas from stagnant waters, then, is a mix- 
ture of four parts of carbureted hydrogen, and one part 
of azote. Dr Henry has ascertained, that if the azote 
be supposed separated, the carbureted hydrogen re- 
quires for combustion twice its bulk of oxygen gas; and 
there is produced a quantity of carbonic acid just equal in 
bulk to the carbureted hydrogen J. Hence it is easy to 
determine its constituents. 

One hundred inches of it require 200 inches of oxygen 
gas, 100 of which form carbonic acid ; and the remaining 
100 must enter into the composition of the water form-- 
ed, and of course combine with a quantity of hydro- 
gen equal in bulk to 200 inches. Now 100 inches of 
carbonic acid contain 13*02 grains of carbon, and 200 


^ Nicholson’s 4 to Jmr. v, 8. 
f Henry, Nicholson’s Jour, xl 68. 


I Ibid. 
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J .'lies of hydrogen weigh 5*2 grains! 
i the gas composed of nearly 

hydrogen 
71^ carbon 


This woulci givfc ^.Chap, H. 


100 

. result which accords pretty nearly with the weight 
« the gas, as ascertained by Crulkshanks, One hun- 
£ ed inches of carbureted hydrogen (freed from azote) 

< Lght to weigh, according to him, 18^6 grains ; and the 

< mstitueiits, as stated above, weigh 18*22! grains. 

The gas obtained by distilling acetate of poiash"^^ Gas from 
eras to be the same very nearly with the carbureted potash; 

^ rdrogen above described. It was this gas that was 
? bjected to experiment by Drs Austin and Higgins. 

When corrimon pit-coal is distilled in close vessels, From pit-- 
: vast quantity of inflammable air is evolved^ which 
! IS rather an unpleasant smell, burns with a fine yel- 
! wish white flame like oil, and yields a \rery bright 
jht. This gas has been substituted for oil in lamps, 
s d ha^ been used successfully to light up rooms f- It 


A salt described m a subsequent part df this Work, 
f Many successive exhibitions of it were made at the Lyceum In Lon- 
n in 1 804, and it had been publicly proposed in France for the same 
rposes about the year i8or ; but the real discoverer of the use of the 
; s was Mr Murdoch of Birmingham, Dr William Henry has publish- 
the following detail of the discovery : 

“ In the year 1792, at which time Mr Murdoch resided at Redruth in' 
' )rnvval, as Boulcon and Watt’s principal agent and manager of engines' 
i that county, he commenced a series of experiments upon the quantity 
; :l quality of the gases contained in different substances. In the course 
< these he remarked, that the gas obtained by distillation from coal, 
\ ity wood, and other inflammable substances, burnt with great brrllian^ 
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appears from the experiments of Dr Henry, that this 
gas is composed of the same constituents as the gas 
from stagnant waters, excepting only a small portion of 


cy upon being set fire to ; and it occurred to him, that by iconfining 
and conducting it througbi tubes, it might be employed as an economical 
substitute for lamps and candles- The distillation was performed in 
iron retorts, and the gas conducted through tinned iron and copper 
tubes to the distance of 70 feet. At this termination, as well as at inter- 
mediate points, the gas %va3 set fire to, as it passed through apertures of 
different diameters and forms, purposely varied with a view of ascer- 
taining which would answer best. In some the gas issued through a 
number of small holes, like the head of a watering pan ; in others it was 
thrown out in thin long sheets ; and again in others in circular ones, up- 
on the principle of Argand’s lamp. Bags of leather and of varnished 
silk, bladders, and vessels of tinned iron, were filled with, the gas, which 
was set fire to, and carried about from room to room, with a view of 
ascertaining how far it could be made to answer tlie purpose of a move- 
able or transferable light. Trials were likewise made of the different 
quantities and qualities of gas produced by coals of various descriptions, 
such as tlie Swansea, Haverfordwest, Newcastle, Shropshire, Stafford- 
shire, aud some kinds of Scotch coals. 

* Mr Murdoch’s constant occupations prevented his giving farther 
attention to the subject at that time; hut he again availed himself of a 
moment of leisure to repeat his experiments upon coal and peat at Old 
Cdmnock, in Ayrshire, in 1797; and it may be proper to notice that 
both these, and the former ones, were exhibited to numerous spectators, 
who, if necessary, can attest them. In 1798, he constructed an appara- 
tus at Soho Foundry, which was applied during many successive nights 
to the lighting of the building ; when the experiments upon different 
apertures were repeated and extended upon a large scale. Various me- 
thods were also practised of washing and purifying the air, to get rid of 
the smoke and smell. These experiments were continued, with occa- 
sional interruptions, until the epoch of the peace in the spring of 1802, 
when the illumination of the Soho manufactory afforded an opportunity 
of niakliig a pu lie display of the new lights ; and they were made to 
constitute a principal feature in that exhibition. I do not know exactly 
at what time the first trials were made or published in France. The 
first notice we received of them here, was in a leftcr from a friend ar 
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t 3 Other inflammable gases with which he supposes fi 
B xed^. 

One of the most remarkable properties of carbureted 
h drogen gas is, that when electric shocks are passed 
tl ough it for some time, it is permanently dilated to 
a )Ut twice its natural bulk. Dr Austin, who bestow- 
ed considerable pains on this gas, directed his particu- 
h attention to the changes produced in it by electrici- 
t; f-. He found, that by repeatedly passing electric 
e plosions through a small quantity of carbureted hy- 
d )gen gas, it was permanently dilated to more than 
t ice its original bulk. He rightly concluded, that 
f s remarkable expansion could only be owung to the 
e )lation of hydrogen gas. On burning air thus ex- 
P ided, he found that it required a greater quantity of 
o p’gen than the same quantity of gas not dilated by 
€ ctricity : An addition therefore had been made to 
tl ; combustible matter 5 for the quantity of oxygen 
n lessary to complete the combustion of any body is 
a 7ays proportional to the quantity of that body. He 


Chap. 1 L 


Expanded 
by electri- 
city. 


Austin’s 
theory of 
the compo* 
sition of 
carbon, 


I Is, dated the 8th of Nov. jiSoi ; in which he detires me ta inform 
li Murdoch, that a person had lighted up his house and gardens with 
tl gas obtained from wood and coal, and had it in contemplation to 
li Lt up the city of Paris. 

After mentioning the above, I think it is proper state also, that 
Ir :he ovens constructed upon Lord Dundonald’s plan, at Calcutts in 
S opshire, for the purpose of saving the tar, See. which escapes during 
tl coaking of coal, it has been usual for a number of years past to set 
fj to the large current of gas as it flies dlF, and thus procure a bright 
il iiination. This however was not known to Mr Murdoch, and was 
n cr seen by him ’’—Nicholson’s Jour. xi. 73. 

The gases supposed mixed, are the two specks described in the sub» 
s: lent part of this Section. 

Phil^ Tram. Ixsx. 51. 
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conciuded from his experiments, that he had decom- 
posed the carbon which was united to the hydrogen 
gas ; and that carbon is composed of hydrogen and 
a%ote^y some of which he always fpiind in the vessel 
after the dilated gas had been burnt by means of oxy- 
gen. If this conclusion be fairly drawn, we must ex- 
punge carhon from the list of simple substances, and 
henceforth consider it as a compound. 

There was one circumstance which ought to have 
prevented Dr Austin from drawing this conclusion, at. • 
least till warranted by more decisive experiments. 
The quantity of combustible matter had been increased. 
Now, if the expansion of the carbureted hydrogen gas 
were owing merely to the decomposition of carbon, no 
such increase ought to take place, but rather the con- 
trary ; for the carbon, which is itself a combustible 
substance, is resolved into two ingredients, hydrogen 
and azote, only the first of which burnt on the addi- 
tion of oxygen and the application of heat. Dr Aus- 
tin’s experiments were repeated by Dr William Henry 
with his usual ingenuity and precision f. He found 
that the dilatation which Dr Austin describes actually 
took place 9 but that it could not be carried beyond a 


His theory wus, that carbureted hydrogen gas is composed of hy- 
drogen and azote, and charcoal, of azote and carbureted hydrogen gas : 
which comes nearly to the same thing with regard to the elements of 
carbon. It is singular enough, that though Dr Austin would not allow 
the presence of carbon in carbureted hydrogen gas, he actually decom- 
posed it by melting sulphur in it: the sulphur combined with the hydro- 
gen gas, and a quantity of charcoal was precipitated. I’his experimeut 
he relates without making any remarks upon it, and seems indeed not to 
have paid any attention to it. 

t Tranj. J797, Part ii, and Nicholson’s quarto Jour, ii., 
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oertain degree, a little more than twice the original 
bulk of the gas, as had been previously remarked by 
]Dr Austin himself. Upon burning separately, by 
means of oxygen, two equal portions of carbureted hy- 
drogen gas, one of which had been expanded by electri- 
city to double its original bulk, the other not, he found 
that each of them produced precisely the same quantity 
of carlonic acid gas^ Both therefore contained the 
same quantity of carbon ; consequently no carbon had 
been decompounded by the electric shocks. 

Dr Henry then suspected that the dilatation was ow- Expansion 

« , i - -1 • • I occasioned 

ing to the water which every gas contains in a larger ^ater, 
or smaller quantity. To ascertain this, he endeavoured 
to deprive the carbureted hydrogen gas of as much wa- 
ter as possible, by making it pass over very dry pot- 
ash, which attracts water with avidity. Gas treated in 
this manner could only be expanded one-sixth of its 
bulk ; but on admitting a drop or two of water, the ex- 
pansion went on as usual. The substance decompound- 
ed by the electricity, then, was not the carbon, but the 
water in the carbureted hydrogen gas. The electric 
explosion supplies the proper temperature 5 the carbon 
unites with the oxygen of the water, and forms car- 
bonic acid ; and the hydrogen, thus set at liberty, occa- 
sions the dilatation. Carbonic acid gas is absorbed 
with avidity by water ; and when water was admitted 
into 709 measures of gas thus dilated, 100 measures 
were absorbed j a proof that carbonic acid gas was ac- 
tually present. As to the azote which Dr Austin 
found in his dilated gas, it evidently proceeded from 
the admission of some atmospheric air, about 79 parts 
of which in the 100 consist of this gas : for Dr Aus- 
|;in’s gas had stood long over water j- and Drs Priestley 
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and Higgins have shown that air in such a situation al- 
ways becomes impregnated with azote 

Such are the properties of carbureted hydrogen gas« 
Mr Watt, who first pointed out the effects of this gas 
yyhen respired, seems to have been the philosopher who 
gave it the nap:ie of hydro^carhonatc\ a name very 
commonly used by British writers. Dr Henry has 
lately changed it into hydj'o^carhureU The term thus 
altered appears unexceptionable, and may be used with 
propriety to distinguish this species from the othef 
compounds of hydrogen and carbon. 

p. When four parts of sulphuric acid and one part of 
alcohol are mixed together in a retort, the mixture be- 
comes very hot, and assumes a brown colour. By ap- 
plying the heat of a lamp to the vessel while its beak 
is plunged under water, we soon cause it to boil, and H 
gas is disengaged in abundance. This gas was first 
particularly examined by a society of Dutch chemists J, 
and called by them olefiant gas ; but perhaps the term 
super- carhireted hydrogen, which is more systematic, 
might be applied to it wdth propriety. It has been 
since analysed by Berthollet and Dr William Henry. 

This gas possesses the mechanical properties of com- 
mon air ; but it has a disagreeable odour, owing per- 
haps to some oily matter which it holds in solution. It 
does not support combustion, and is equally noxious to 


The increuRC of the comkistibie matter in Dr Austin’s experiment 
was douhtiess owing to the oxidizcrncnc of a part of the jnercury at tht 
Sixpence of the water. 

f See his letters in Beddocs’s woik on Factitious Ain, 

I Messrs Bondt, Dieman, Van Troostwyk, and X^auwei eubjirg. 
PT-fmoIr 1? published in the Journal dr xir, i;!:- . 
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limals with the last described species. Its specific ^ Chap. IL 
cavity, according to the Dutch chemists, is 0*905, 
lat of air being 1 * 000 . Therefore at the temperature 
f 60"^, barometer 30 inches, 100 cubic inches of it 
eeigh 28*18 grains troy. When this gas is kindled, 
t burns with a dense white flame, and with very great 
plendour ; the combustion continuing a very consi- 
lerable time. When mixed with oxygen gas, and 
3urnt in close vessels by means of electricity, it deto- 
lates 5 the products of this combustion are water and 
carbonic acid. Hence we learn, that the constituents 
of the gas are hydrogen and carbon. From the experi- 
ments of Mr Dalton, it appears that 100 inches of ole- 
fiant gas, in oi'der to be completely consumed, must be 
mixed with 300 inches of oxygen. There is formed 
a quantity of carbonic acid equal to 200 inches. 200 
inches of the oxygen gas were employed in forming 
^his gas. The remaining 100 must have united with 
hydrogen, and formed water 5 and we know that they 
piust have united with a quantity of hydrog^ equal to 
200 inches in bulk. 200 inches of carbonic acid con- Compel^- 
tain 26*04 grains of carbon, and 200 inches of hydrogen 
weigh 5*2 grains. Hence it follows, that 100 inches 
of olefiant gas are composed of 

26*04 carbon 
5*2 hydrogen 

31*24 

A quantity rather exceeding the weight of 100 inches. 

Plefiant gas, then, is composed of 
' 83 carbon 

17 hydrogen 


58 


SIMPLE COMBUSTIBLES. 


Book I, 
Division F. 


The proportion of carbon is almost double what exists 
in the last described species. Hence the reason of ap« 
plying to it the name of super-carbureted hydrogen ; 
the term indicates the superior proportion of carbon. 
The constituents are : 


Hydrogen. Carbon. 
Carbureted hydrogen, 100 250*8 

Super-carbureted hydrogen, 100 488*2 

The preceding analysis by no means agrees with that of 
Berthollet, who informs us that he ascertained by his tri- 
als that super-carbureted hydrogen gas was composed of 
one part hydrogen and three parts carbon ; but as he 
does not give us the data upon which this conclusion 
was founded, it is impossible to ascertain the cause of 
the difference between his statement and that deduced 
from Mr Dalton’s experiments'^. 

Mr Berthollet relates a very ciirious experiment 
which had not been observed by the Dutch chemists: 
When four measures of olefiant gas and three measures 
of oxygen gas are fired together by electricity, the mix- 
ture dilates so much as to occupy the bulk of 11 mea- 
sures, and a quantity of charry matter is deposited. 
The dilated gas is still susceptible of detonation when 
mixed with more oxygen f. Berthollet supposes, 
that the effect of the first detonation was to form a 
combination of the two gases, which still retained the 
gaseous form j b^t it is difficult to conceive how such 
a combination could be produced by combustion, and 
yet remain combustible. 

One of the most characterestic properties of tliis gas 


Staiique Chimi^us ii. 68. 
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LS the rapid ditnmution of bulk, and the formaliou of ii. 

an opal coloured oil when it is mixed with the gas Action of 
czlltd ox muriatic acid^» It was this property which 
induced the Dutch chemists to' give to super- carbure- 
ted hydrogen the name of olefiant gas . They found, 
that when the two gases were mixed together in the 
proportion of three measures olefiant gas, and fourmea- 
^iures oxy muriatic, the two gases disappear completely; 
hut the proportions which Dr William Henry found 
tp produce this effect, were somewhat different; namely, 
five measures of olefiant gas, and six measures of oxymu- 
riatic. This rapid absorption and formation of oil en- 
ables us to detect the presence of olefiant gas in gaseous 
mixtures with considerable facility. Dr Henry has 
applied it very ingeniously to the analysis of a variety 
of mixed inflammable gases f. 

10. When a mixture of equal parts of iron filings 3. Carbonic 
aud chalk, both made previously as dry as possible, are 
exposed to a red heat in an iron retort, there is disenga- 
ged a great quantity of gas, consisting partly of carbo- 
nic acid, and partly of a species of heavy inflammable 
air. When the carbonic acid is separated by means 
of lime-water, the inflammable gas is obtained in a state 
of great purity. It was first procured by Dr Priest- 
ley ; but for our knowledge of its constituents and its 
properties, we are indebted to the ingenious experi- 
ments of Mr Cruikshanks. Clement and Desormes, 

Morveau an’d Berthollet, examined it also soon after 
with equal address and success. The name carbonic 


I’nis gas will be described in the next Chapter, 
f JNfi chobpn ’s /our* 
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oxide gas has been given it by chemists, and Cruik« 
shanks has rendered it probable that it is a compound 
of oxygen and carbon; the account of its properties 
belongs therefore to a subsequent part of this Work: 
but I consider it as necessary to give a short detail of 
them in this place, because it has been so often con-* 
founded with the other two species, from which, how-* 
ever, it is exceedingly distinct. 

This gas possesses the mechanical properties of air. 
Its specific gravity, according to Cruikshanks, is 0*956, 
that of air being 1*000 ; hence 100 inches of it weigh, 
tinder the medium pressure and temperature, 29*64 
grains troy. 

It burns with a deep blue flame, and gives out but 
little light. When mixed with oxygen gas it detonates, 
though not loudly ; eight measures of it require for com- 
bustion about 3f of oxygen gas. When 100 cubic in- 
ches of it are mixed with 40 inches of oxygen gas, the 
whole IS consumed, and 92 inches of carbonic acid are 
formed^. Now 100 of carbonic oxide and 40 of oxygen 
weigh 43*6 grains, and 92 of carbonic acid weigh 42*78 
grains. From this near coincidence between the weight 
of the substances consumed and the product, Cruik- 
shanks drew his conclusion that the gas contained no 
liydrogen; and in this opinion the greater number of che- 
mists have acquiesced. Supposing it correct, it will be 
easy for us to assign the constituents of the gas ; the 
carbonic acid produced contains very nearly ll*72gTains 
of carbon, the remainder of the weight is oxygen ; from 
which if we subtract the weight of the 40 inches of 


• CruikshankSs Nicholsoa^s 4to Jovr, v* 
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oxygen used for the combustion, we have a remainder 
of nearly 13y, which must be the oxygen that previous- 
ly existed in the gas. Hence, according to this statement, 
carbonic oxide is composed of about 
39 carbon 
61 oxygen 


100 

Berthollet does not acq^uiesce in this analysis. Accords 
ing to him, the gas contains hydrogen as a constituent, 
and is a triple compound of oxygen, carbon, and hydro- 
gen. That it often contains hydrogen is probable ; but 
the experiments of Henry have made it probable, that 
it is only accidentally and not essentially present : for 
when subjected to the action of electric explosions, it 
does not expand as all gases do, hitherto tried, which 
contain hydrogen as a constituent*. 

11. These three species of gas have been long con- 
founded in this country, under the name of hydro-car^ 
honates. The first and last species are not sensibly ab- 
sorbed by water; but 100 inches of water absorb 
about 11 inches of olefiant gas, or nearly*^ of its bulkf- 
They are all exceedingly noxious to animals, occasion- 
ing almost instantaneous fainting, feebleness, and death. 
The last species is easily recognized by the deep blue 
flame with which it burns : the fiame of the two first 
species is white, but the second is vastly more bril- 
liant than the first. From the late experiments of Dr 
Henry, there is reason to consider it as probable, that 
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* Nicholson's Jour. xl. ya. 

f Henry, on the authomy of Dalton, Nichhoni xl yo. 
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all the other species of heavy infiammalle gas aire no« 
thing else than mixtures of these three and of hydros 
gen gas. The following are the most remarkable o-f 
these. 

1 2. When steam is made to pass through red hot char- 
coal, confined in a porcelain or metal tube, a great 
quantity of gas is obtained. When the steam passes so 
rapidly that a portion of it comes over in the state of 
water, the gas obtained is a mixture of carbonic acid 
and heavy inllammable air ; but when the steam passes 
so slowly as to be wholly decomposed by the charcoal, 
the gas which issues from the tube is almost all inflam- 
mable. Dr Priestley first procured gas in this manner, 
and pointed out the effect of different proportions of 
steam The process was repeated with great care 
by Lavoisier, during the course of his experiments to 
determine the constituents of carbonic acidf ; and Mr 
Watt pointed it out as the readiest way of procuring 
hydro- carbonate for the purposes of pneumatic medi- 
cine J, This is the gas, accordingly, which has been 
commonly employed when the effects of carbureted 
hydrogen on the animal system were investigated. 
Cruikshanks examined it during liis experiments on 
carbonic oxide and it has been lately subjected to ana- 
lysis by Dr Henry ||. 

This gas burns with a deep blue flame like carbonic 
oxide, and is equally injurious to life. From the ex- 
periments which we have on this gas, it cannot be 
doubted that it varies considerably at different times^ 


* Priestley, i. aS4. f Mem. Par. 458. 

$ Beddoes and Watt, on Facihiotis A'r»\ § Nicholson’s 410, Joun v. 6 r 

jj Nicholson's Fur* xL p. 66. 
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ccordlng to the proportioti of water and the decrees of , 
eat employed. The difference of its specific gravity, 
consider as a demonstration of this. Lavoisier and 
/Teusnier found it 0 * 279 , that of air being 1*000 *; 
labile Cruikshanks got it as high as 0*46 S, or al- 
ios t double f. According to the former, 100 cu- 
ic inches weigh 8*66 grains ; according to the lat- 
;r, they weigh 14*50 grains. The gas examined by 
[enry seems to have been a little lighter than the gas 
f lyfr Cruikshanks. Dr Henry considers this gas as 
mixture of hydrogen gas with carbonic oxide, and 
erhaps a little carbureted hydrogen. The results ob- 
lined by him by combustion, accord very well with 
lis notion ; he found that 100 measures of this gas^ 
^hen detonated with 60 of oxygen, left 35 mea^res 
f carbonic acid. Let ixs suppose that these 35 inches 
f carbonic acid were formed by the union of oxygen 
[id carbonic oxide : they weigh 16*27 grains, and are 
□mposed of 11*15 grains carbonic oxide, and 5*12 
sygen, which would make 37 inches oPcarbonic oxide 
id 15 of oxygen. Supposing these 37 measures to 
ave existed in the gas before the combustion^ there 
dll remain to be accounted for 63 inches, which, if 
^e suppose it hydrogen, would require 31 inches of 
xygen ; but 45 inches of oxygen have been consumed, 
'ur supposition, then, does not tally exactly %vith the 
henomena : to make them accord, it would be neces- 
iry to suppose the gas from moist charcoal a mixture 
' somewhat less carbonic oxide and hydrogen, and to 
.ake up the 100 by supposing a quantity of carbure-^ 


* Mem. Par, 1781, p. 458. 


j Nicholson’s 4to Jovr* v, S* 
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ted hydrogen present. Bat in the present state of un^ 
certainty, it is unnecessary to proceed any farther with 
the investigation. 

13. The gas obtained by the distillation of wood 
burns with a much whiter flame than that from char« 
coal : yet Dr Henry found, that 100 measures of gas 
from oak required only 54 measures of oxygen to sa- 
turate it, and produced 33 measures of carbonic acid. 
This result induces him to consider it as a mixture of 
the same gases as the last, but in diiierent proportions. 

The gas from dried peat differs considerably in its 
properties, according to the qualities of the peat, and 
the mode employed in procuring it. I have obtained no 
less than four kinds, and Dr Henry procured and exa- 
mii^ another altogether different. Its specific gravity 
varies from 0.813 to 0*608. It burns sometimes with 
a white, sometimes with a blue flame; 100 cubicr 
inches of the heaviest kind consume 100 inches of oxy- 
gen, and form 80 inches of carbonic acid; 100 inches 
of the lightest kind consume 160 inches of oxygen, 
and form 60 inches of carbonic acid gas It is pro- 
bably a mixture of two different gases, and its different 
properties are most likely owing to a variation in their 
proportions. One of these gases I conceive to be car- 
bonic oxide ; but I think I have shown that the other is 
a gas not yet obtained or examined in a separate state - 
If this last gas shall be found to contain oxygen as a 
constituent, which is not unlikely, it will constitute a 
triple compound, to which the name of oxy-^carhuretei^ 
hydrogen may be applied. 


* See my experiments on it in Nicholson’s Jqw\ xvJ. 141 « 
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SECT. IIL 

OF PHOSPHORUS- 

OSPHORUS, the third of the simple combustibles, itia j Metliod of 
rocured by the following process : Let a quantity 

° ^ phosphorus, 

ones be b.urnt, or, as it is termed iii chemistry, cal-- 
till they cease to smoke, ox to give out any odour, 
let them afterwards be reduced to a fine powder. 

100 parts of this powder into a bason of porcelain 
oneware, dilute it with four times its weight of 
r, and then add gradually (stirring the mixture 
every addition) 40 parts of sulphuric acid. The 
lire becomes hot, and a vast number of air-bubbles 
xtricated t- Leave the mixture in this state for 
ours 5 taking care to stir it well every nOw and 
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The gas obtained by distilling coal burns with great , 

Haney. Dr Henry considers it as a mixture of car- Fitcoal. 
eted hydrogen with soriie carbonic oxide and ole- 
t gas. 

"he gases obtained from oil and wax by distillation Oils and ^ 
carbureted hydrogen gas j but the first contains of 
)ulk, and the other ^ its bulk of olefiant gas- The 
ant gas is present also in the gases obtained by 
ling camphor, ether, or alcohol,* through hot tubes 


« lenry, ibid- 

f he copious emission of air-bubbles is called in chemistry 
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Book I. then with a oiass or porcelain rod to enable the acid to 

Pivision 1. ° • 

act upon the powder 

The whole is now to be poured on a filter of cloth ; 
the liquid which runs through the filter is to be recei- 
ved in a porcelain bason ; and the white powder which 
remains on the filter, after pure water has been poured 
on it repeatedly, and allowed to strain into the porcelain 
bason below, being of no iise^ may be thrown away. 

. Into the liquid contained in the porcelain bason, which 
has a very acid taste, nitrate of leadf, dissolved in wa- 
ter, is to be poured slowlj^; a white powder immediate- 
ly falls to the bottom : the nitrate of lead must be added 
as long as any of this powder continues to be formed. 
Throw the whole upon a filter. The white powder 
Vv^hich remains upon the filter is to be well washed, al- 
lowed to dry, and then mixed with about one-sixth of 
its weight of charcoal powder. This mixture is to be 
put into the earthen ware retort (fig. 5. ^.) The re- 
tort is to be put into a furnace, and the beak of it plun- 
^ ged into a vessel of w^ater, so as to be just under the 

surface. Heat is now to be applied gradually till the re- 
tort be heated to whiteness. A vast number of air- 
bubbles issue from tlie beak of the retort, some of 
which take fire when they come to the surface of the 
v:aler. At last there drops out a substance which has 


^ Fourcroy and Vauquelin, ikLw, tie V Inst, ii. 28s. 
t A fialt to be described in a subsequent part of this Work. It an- 
j;\vors better than acetate of lead, as was first pointed out by Giobert 
aMi more lately by Mr Hume. See Giobert’s process, Am, de Chtw, zil 
A and Pl'iL xx, 
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i;li appearance of melted wax, and which congeals un- 
de the water*. This substance is 

t was accidentally discovered by Brandt, a chemist 
of lamburgh, in the year 1669 +, as he was attempt- 
in to extract from human urine a liquid capable of 
cc verting silver into gold. He showed a specimen 
of it to Kunkel, a German chemist of considerable 
er nence, who mentioned the fact as a piece of news 
to )ne Kraft, a friend of his af Dresden. Kraft im- 
m liately repaired to Hamburgh, and purchased the 
se et from Brandt for 200 dollars, exacting from him 
at he same time a promise not to reveal it to any other 
p( son. Soon after, he exhibited his phosphorus pub- 
lic f in Britain and France, expecting doubtless that it 
w lid make his fortune. Kunkel, who had mentioned 
to [raft his intention of getting possession of the pro- 
ce , being vexed at the treacherous conduct of his 
fr: nd, attempted to discover it himself ; and about the 
y< r 1674* he succeeded, though he only knew from 
B: ndt that urine was the substance from which phos- 
pl irus had been procured Accordingly he is always 
re coned, and deservedly too, as one of the discoverers 
oi phosphorus. 

5oyle likewise discovered phosphorus. Leibnitz in- 
dt d affirms, that Kraft taught Boyle the whole pro- 


The theory of this process will be explained afterwards. 

E-Iomberg, Par. 1692. An account of it is published in the 

PI isophical Transactions for 1 68 1, first by Stumiius, and then by Dr 

This is Kunkel’s own account. See his Laboratorium Chymhum^ 
p, ' 0. See also Wiegleb’s Geschichte des IVachsthums und dpr P,Tjin4un^c% 
in , ' Gbemhj voL i. p. .4I« 
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cess, and Kraft declared the same thing to Stahl. But 
surely, the assertion of a dealer in secrets, and one who 
had deceived his own friend, on which the whole of 
this story is founded, cannot be put in competition with 
the affirmation of a man like Boyle, who was not only 
one of the greatest philosophers, but likewise one of the 
most virtuous men of his age ; and he positively as- 
sures us, that he made the discovery without being pre- 
viously acquainted with the process^. 

Mr Boyle revealed the process to his assistant God- 
frey Hankwitz, a London apothecary, who continued 
for many years to supply all Europe with phosphorus. 
Hence it was known to chemists by the name of English 
phospht)rus\ , Other chemists, indeed, had attempted to 
produce it, but seemingly without success^, till in 1737 
a stranger appeared in Paris, and offered to make phos- 
phorus. The French government granted him a re- 
ward far communicating his process. Hellot, Dufay, 
Geoffroy, and Duhamel, saw him execute it with suc- 
cess ; and Hellot published a very full account of it in 
the Memoirs of the French Academy for 1737. 

It consisted in evaporating putrid urine to dryness, 
heating the inspissated residue to redness, washing it 
with water to extract the salts, drying it, and then rai- 
sing it gradually in stone-ware retorts to the greatest 
intensity of heat. It w'as disgustingly tedious, very 
expensive, and yielded but a small quantity of produce. 
The celebrated Margraf, who informs us that he had 


Book I. 
Division 1. 


^ Boyle’s Wci'h abridged by Shaw, in*. 174. 

f See Hoffman’s experimeiita on it, published in 17x2 in hh Oherv^t, 
Phys, Chym. Select, p. 3O4. 

! StahFi; Fmdament, Ciiym^ ii. 58, 


. PHOSPHaRUS. 


d ’'oted himself at a very early period to the investiga- 
ti 1 of phosphorus, soon after published a much more 
e; leditloiis and productive process ; for the first hint 

0 which he was indebted to Henkel. It consisted in 
n nng a salt consisting chiefly of lead with the inspis- 
si 2 d urine. He even found that urine contained a pe- 
ci iar salt^, which yielded phosphorus when heated 
w h charcoal f. 

n the year 1769, Gahn, a Swedish chemist, disco- 
Vi ed that phosphorus is contained in honest ; ^nd 
S leele §, very soon after, invented a process for ob- 
t£ ling it from them. Phosphorus is now generally 
p; cured in that manner. The process described in the 
bi inning of this Section is that of Fourcroy and Vau- 
:lin. The usual process followed by manufacturers 

01 ihosphorus is an iniprovement on that of Scheele. 
loon after the discovery of phosphorus, many 

e: >eriments on it were made by Slare and Boyle. 
E ffman published a dissertation on it, containing some 
ci ious facts, in 1722 ; but Margraf was the first who 
ir estigated its effects upon other bodies, and the na- 
ti e of the combinations which it forms. The subject 
V s resumed by Pelletier, and continued with much in- 
d ;try and success. Lavoisier’s experiments were still 


Known at that time by the name of fusible salt of urine^ now called 
ph ')baie of ammonia. 

Miscel. Berolin^ vl. 54. ; and Acad, Berlijh *746? P« 84; 

an Margraf’ s Opusc. i. 30. 

Bergman’s ISIqUs on Scheffer. 

Crell, in his life of Scheele, informs us, that Scheelc himself was the 
dii )verer of the fact. This, he says, appears clearly from a printed let- 
tei »f Scheele to Gahn, who was before looked upon as the discoverer. 
Se >cirs Annals, English Trans, a. 17. 
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Burns when 
exposed to 
the air. 


more important, and constitute indeed a memorable era 
in chemical science. 

1. Phosphorus, when pure, is semi-transparent, and 
of a yellowish colour ; but when kept some time in 
water, it becomes opaque externally, and then has a 
great resemblance to white wax. Its consistence is 
nearly that of wax. It may be cut with a knife, or 
twisted to pieces with the fingers. It is insoluble in 
water. Its mean specific gravity is 1'770. 

2 . It melts at the temperature of 99 Care must 
be taken to keep phosphorus under water when melted ; 
for it is so combustible, that it cannot easily be melted 
in the open air without taking fire. When phosphorus 
is ne’iyly prepared, it is always dirty, being mixed with 
a quantity of charcoal dust and other impurities. These 
impurities may be separated by melting it under water, 
and then squeezing it through a piece of clean shamois 
leather. It may be formed into sticks, by putting it 
into a glass funnel with a long tube, stopped at the bot- 
tom with a cork, and plunging the whole under warm 
water. The phosphorus melts, and assumes the shape 
of the tube. When cold, it may be easily pushed out 
with a bit of wood. 

If air be excluded, phosphorus evaporates at 219^, 
and boils at 554® 

3. When phosphorus is exposed to the atmosphere, 
it emits a white smoke, which has the smell of garlic^ 
and is luminous in the dark. This smoke is more a- 
bundant the higher the temperature is, and is occasioned 


^ F^llcticr, Journal ie JUXXV. 380, 


i Ibid, p, 3S1; 
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hy the gradual combustion of the phosphorus, which ^ 
at last disappears altogether. 

4. When a bit of phosphorus is put into a glass jar Soluble in 
filled with oxygen gas, part of the phosphorus is dis- 
solved by the gas at the temperature of 60° ; but the 
phosphorus does not become luminous unless its tem- 
perature be raised to 80° Hence we learn, that 
phosphorus burns at a lower temperature in common 

air than in oxygen gas. This slow combustion of phos- 
phorus, at the common temperature of the atmosphere, 
renders it necessary to keep phosphorus in phials filled 
with water. The water should be previously boiled to 
expel a little air, which that liquid usually contains. 

The phials should be kept in a dark place; for when 
phosphorus is exposed to the light, it soon becomes of 
a white colour, which gradually changes to a dark 
brown. 

5. When heated to 148°, phosphorus takes fire and Converted 
burns with a very bright flame, and gives out a great bLt°oT 
quantity of white smoke, which is luminous in the 

dark ; at the same time it emits an odour which has 
some resemblance to that of garlic. It leaves no resi- 
duum ; hut the white smoke, when collected, is found 
to be an acid, Stahl considered this acid as the muri- 
atic f . According to him, phosphorus is composed of 
muriatic acid and phlogiston J, and the combustion of 

^ Fonreroy and Vauquelin, Annalcs ds C&imie, xxi. 19 ^. 

f This acid shall be afterwards described. 

i The term phloghion was applied by Stahl and his followers to a 
substance which, according to them, exists in all combustible bodies, and 
separates during combustion. A sketch of their theory will be given in 
the next Section, in which we shall treat of sulphur, on which the hy- 
pothesis was founded. 
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Book L it is merely the separation of phlogiston. He even de-* 
dared, that to make phosphorus, nothing more is neces« 
sarj than to combine muriatic acid and phlogiston 
These assertions having gained implicit credit, the 
composition and nature of phosphorus were considered 
as completely understood, till Margraf of Berlin pu- 
blished his experiments in the year 1 ’ 740 . That great 
man, one of those illustrious philosophers who have con- 
tributed so much to the rapid increase of the science, 
distinguished equally by the ingenuity of his experi- 
ments and clearness of his reasoning, attempted to pro- 
duce phosphorus by combining together phlogiston and 
muriatic acid: but though he varied his process a thou- 
sand ways, presented the acid in many different states, 
and employed a variety of substances to furnish phlo- 
giston, all his attempts failed, and he was obliged to 
Intopkos- give up the combination as impracticable. On exa- 
phoricacid; mining the acid produced during the combustion of 
phosphorus, he found that its properties were very dif- 
ferent from those of muriatic acid. It was therefore a 
distinct substance f. The name of phosphoric acid was 
given to it ; and it was concluded that phosphorus is 
composed of this acid united to phlogiston. 

But it was observed by Margraf, that phospltoric 
acid is heavier than the phosphorus from which it was 
produced j and Boyle had long before shown that phos- 
phorus would not burn except when in contact with air. 
These facts were sufficient to prove the inaccuracy of 
the theory concerning the composition of phosphorus 5 
but they remained! themselves unaccounted for, till La- 


Stahl’a X&m Hundred Experiments^ f Margraf ’s Opusc, i. 
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Y sier published those celebrated experiments which ^ Chap. iX. ^ 
t] 'ew so much light on the nature and composition of 
a .ds^. 

He exhausted a glass globe of air by means of an which is 
a -pump ; and after weighing it accurately, he filled it comThie™ 
\ th oxygen gas, and introduced into it 100 grains of withoxy- 
] lOSphorus. The globe was furnished with a stop- 
< ck, by which oxygen gas could be admitted at plea- 
i re. He set fire to the phosphorus by means of a 
] irning glass. The combustion was extremely rapid, 

: icompanied by a bright flame and much heat. Large 
lantities of white flakes attached themselves to the 
.ner surface of the globe, and rendered it opaque ; and 
.ese at last became so abundant, that notwithstanding 
le constant supply of oxygen gas the phosphorus was 
ctinguishcd. The globe, after being allowed to cool, 
as again weighed before it was opened. The quantity 
f oxygen employed during the experiment was ascer- 
ained, and the phosphorus, which still remained un- 
hanged, accurately weighed. The white flakes, which 
pere nothing else than pure phosphoric acid, were 
bund exactly equal to the weights of the phosphorus 
ind oxygen which had disappeared during the pro- 
:ess. Phosphoric acid therefore must have been form- 
ed by the combination of these two bodies ; for the ab- 
jolute weight of all the substances together was the 
;ame after the process as before itf. It is impossible, 
hen, for phosphorus to be composed of phosphoric acid 
ind phlogiston, as phosphorus itself enters into the com- 
position of that acid. 


^ Mem. Pan *778 and 1780. 
f Lavoisier’s Chemutryy Part U chap, v. 



S'tMPLE COMBUSTIBLES* 


•^4 

Book I. Thus the combustion of phosphorus, like that of hy-* 
Division!. , , . , . , , . i • • 

u- — drogen and carbon, is nothing else than its combination 

with oxygea : for during the process no new substance 

appears, except the acid, accompanied indeed with much 

heat and light. 

From Lavoisier’s experiment it follows, that 100 
parts of phosphorus, during this combustion, unite with 
154 parts oxygen. So that a grain of phosphorus con- 
denses no less than 4 f cubic inches of oxygen gas ; and 
five grains are capable of depriving 10 2 f cubic inches 
of air of all its oxygen gas. 

6. Though pure phosphorus does not take fire till 
it be heated to 148^, it is nevertheless true, that we 
Oxide of ineet with phosphorus which burns at much lower 
phosphorus, temperatures. The heat of the hand often makes it 
burn vividly ; nay, it sometimes takes fire when merely 
exposed to the atmosphere. In all these cases the 
phosphorus has undergone a change. It is believed at 
present, that this increase of combustibility is owing to 
a small quantity of oxygen with which the phosphorus 
has combined. Hence, in this state, it is distinguished 
by the name of oxzWe of phosphorus. When a little 
phosphorus is exposed in a long narrow glass tube to 
the heat of boiling water, it continues moderately lu- 
minous, and gradually rises up in the state of a white 
vapour, which lines the tubes. This vapour is the 
ide of phosphorus. This oxide has the appearance of 
fine white flakes, which cohere together, and is more 
bulky than the original phosphorus. When slightly 
heated it takes fire, and burns brilliantly. Exposed 
to the air, it attracts moisture with avidity, and is con- 
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ve ied into an acid liquor^. When a little phosphorus 
is bus oxidized in a small tin box by heating it, the 
g: de acquires the property of taking fire when exposed 
to he air. In this state it is often used to light candles 
ui [er the name of phosphoric snatches ; the phosphorus 
hi ag sometimes mixed with a little oil, sometimes with 
SI phur, * 

When phosphorus is long acted on by water, it is 
c rered at last with a white crust, which is also consi- 
d red as an oxide of phosphorus % but it differs con si- 
i rably from the oxide just described. It is brittle, less 
i sible, and much less combustible than phosphorus 
3 elff. Phosphorus, when newly prepared, usually 
i ntains some of this last oxide of phosphorus mixed 
1 Lth it ; but it may be easily separated by plunging 
‘ e mass into water heated to aboiit 100'^. The phos- 
lorus melts, while the oxide remains unchanged, and 
vims upon the surface of the melted phosphorus. 

7. When bits of phosphorus are kept for some hours 
i hydrogen gas, part of the phosphorus is dissolved, 
."his compound gas, to which Fourcroy and Vaque- 
in, the discoverers of it, have given the name ofphos^> 
horized hydrogen gas, has a slight smell of garlic. 
When bubbles of it are made to pass into oxygen gas, 
L very brilliant bluish flame is produced, which per- 
vades the whole vessel of oxygen gas. It is obvious 
hat this flame is the consequence of the combustion of 
he dissolved phosphorus 

When phosphorus is introduced into a glass jar of 
aydrogen gas standing over mercury, and then melted 


Chap, n. 


Phosphori- 
zed hydro- 
gen gas. 


Phospho- 
reted hy- 
drogen 


^ StemzcherjAnn.dtf xlvli. 104. f iWd, | Ibid, xxi. aa®. 
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hy means of a burning glass, the hydrogen gas dissolves 
a much greater proportion of it. The new compound 
thus formed has received the name ofphosphureted hy» 
d^'ogen gas. It was discovered in 1783 by Mr Gen- 
gembre'*' ; and in 1784 by Mr Kirwan, before he be- 
came acquainted with the experiments of Gengembre. 
But for the fullest iifvestigation of its properties, we 
are indebted to Mr Raymond, who published a disser- 
tation on it in 179lt> and another in l800j. These 
philosophers obtained the gas by a different process, 
which shall be afterwards described : but in whatever 
manner it is prepared, its properties are always the 
same. 

It has a very fetid odour, similar to the smell of pu- 
trid fish. When it comes into contact with common 
air, it burns with great rapidjty ; and if mixed with 
that air, it detonates violently. Oxygen gas produces 
a still more rapid and brilliant combustion than com- 
mon air. When bubbles of it are made to pass up 
through water, they explode in succession as they 
reach the surface of the liquid ; a beautiful coronet of 
white smoke is formed, which rises slowly to the ceil- 
ing. This gas is one of the most combustible substan- 
ces known. It is obvious, that its combustion is mere- 
ly the combination of its phosphorus and its hydrogen 
with the oxygen of the atmosphere ; the products, of 
course, are phosphoric acid and water. These two sub- 
stances mixed, or rather combined, constitute the coronet 
of white smoke. 


^ Mem. Scav. Eirang. x, f Ann. de Chlm. X. I9> 
I Ibid, XXXV. 
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ure water, when agitated in contact with this gas, Chap 
dii Dives at the temperature of between 50^ and 60® 
ab jt the fourth part of its bulk of it^* The sola- 
tic is of a colour not unlike that of roll sulphur ; it 
hs a very bitter and disagreeable taste, and a strong 
en leasant odour. \Yhen heated nearly to boiling, the 
w' )le of the phosphureted hydrogen gas is driven olF 
ur hanged, and the water remains behind in a state of 
pi tty* When exposed to the air, the phosphorus is 
gi dually deposited in the state of oxide ; the hydrogen 
gs makes its escape ; and at last nothing remains but 
p3 e water f. 

Yhen electric explosions are passed through this 
gj , its bulk is increased precisely as happens to car- 
h\ eted hydrogen. The water which it contains is de- 
cc 1 posed, phosphoric acid formed, and hydrogen gas 
e'5 Ivedj. We are neither acquainted with the specific 
gi vity, nor with the proportion of the constituents of 
tl 3 gas* 

8* Phosphorus is capable of combinii||' wdth car- phospi^ 
b 1 . This compound, w^hich has received the name, ot’earboo 

0 phosphuret of carbon, was first examined by Mr 

1 oust, the celebrated professor of chemistry in 
S ain. It is the red substance which remains be- 
h id when new-made phosphorus is strained througlj 
s imois leather. In order to separate from it a small 
q antitj of phosphorus which it contains in excess, it 


* Such was the result obtained by Raymond* Dr Henry found that 
I I inches of water took up only a*l4 inches of this ga* at the tempera - 
tl : of do°. Sec P/ji/. Trans, I0O3. p. S74. 

Raymond, de 2-33. 

Henry, Nicholson’s <|i[arto Jo:.r ii. C147., 
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Division should be put into a retort, and exposed for some titne 
to a moderate heat. What remains behind in the 
retort is the pure phosphuret of carbon. It is a 
light, flockj powder, of a lively orange red, without 
taste or smell. When heated in the open air it burns 
rapidly, and a quantity of charcoal remains behind. 
When the retort in which it is formed is heated red hot, 
the phosphorus comes over, and the charcoal remains 
behind^, 

Phosphu- g. Such are the properties of phosphorus, and the 
compounds which it forms with oxygen, hydrogen, and 
carbon. It is capable likewise of combining with 
many other bodies : the compounds produced are called 
phosphurets, 

A poison. 10. Phosphorus, when used internally, is polso- 
noust* In very small quantities (as one fourth of 
a grain), when very minutely divided, it is said by 
Leroi to be very efficacious in restoring and establish- 
ing the force of young persons exhausted by sensual 
indulgence:^ that is, I suppose, in exciting the vene- 
real appetite. 

SomposI- I X. Though nobody has hitherto succeeded in ascer- 

uon, . . - . r 1 1 . • 

taming the constituents or phosphorus, there is every 

reason to consider it as a compound. When acted upon 

by a powerful galvanic battery, Mr Davy found that 

it emitted hydrogen in considerable quantity. Hence 

it is not unlikely that hydrogen is one of its constituents. 

The other has not yet been observed in a separate state, 

but analogy renders it not improbable that it will be 

found to be of a metallic nature. 


* Ann, da Chim. xxxiv, 44, 


f Ibid, xivli. 87. 
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SECT. IV. 

OF SULPHUR. 

S LPHUR, distinguished also by the name of brimstone^ 

^ s known in the earliest ages. Considerable quanti- 
ty 5 of it are found native, especially in the neighbour- 
h od of volcanoes, and it is procured in abundance by 
s jjecting the mineral called py7'ites to distillation. 

1 le ancients used it in medicine, and its fumes were 
e ployed in bleaching wool'^. 

1. Sulphur is a hard brittle substance, commonly of properti^'.. 
a yellow colour, without any smell, and of a weak 

.t ^ngh perceptible taste. 

It is a non-conductor of electricity, and of course be- 
< mes electric by friction. Its specific gravity is l*Q90. 

Sulphur undergoes no change by being allowed to 
: main exposed to the open air. When thrown into 
' ater, it does not melt as common salt does, hut falls 
the bottom, and remains there unchanged : It is 
erefore insoluble in water. 

2. If a considerable piece of sulphur be exposed to a Action oit 
idden though gentle heat, by holding it in the hand, 

)r instance, it breaks to pieces with a crackling noise. 

When sulphur is heated to the temperature of about Flowers c 
70°, it rises up in the form of a fine powder, which 
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may be easily collected in a proper vessel. This pow- 
der is called of sulphur\n When substances fly 
off in this manner on the application of a moderate heat, 
they are called volatile ; and the process itself, by which 
they are raised, is called volatilisation^ 

When heated to the temperature of about_218° of 
Fahrenheit’s thermometer, it melts and becomes as li- 
quid as water. If this experiment be made in a thin 
glass vessel, of an egg shape, and having a narrow, 
mouth % the vessel may be placed upon burni^ coals 
without much risk of breaking it. The strong heat 
soon causes the sulphur to boil, and converts it into a 
brown coloured vapour, which fills the vessel, and is- 
sues wn*th considerable force out from its mouth. 

3. There are a great many bodies which, after being 
dissolved in water or melted by heat, are capable of as- 
suming certain regular figures. If a quantity of com-' 
inon salt, for instance, be dissolved in water, and that 
fluid, by the application of a moderate heat, be made 
to fly off in the form of steam 5 or, in other words, if 
the water be slowly evaporated^ the salt will fall to the 
bottom of the vessel in cubes. These regular figures 
are called crystals. Now sulphur is capable of crystal- 
lizing. If it be melted, and as soon as its surface be- 
gins to congeal, the liquid sulphur beneath be poured 
out, the internal cavity will exhibit long needle-shaped 
crystals of an octahedral figure. This method of crys«* 
lallizing sulphur was contrived by Rouelle. If the ex- 


f It is only in this state tha? sulphur Is to he found ;n commerce to- 
lerably pure. Rail svl; hur u'^naKy co-u \ii. « ;» conbukrahle portion of fo- 
reign bodies. 
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ps ment be made In a glass vessel, or upon a flat plate . , 

of ron, the crystals will be perceived beginning to 
sh )t when the temperature sinks to 220°. 

. When sulphur is heated to the tenhperature of 560® Converted 

by combiis* 

m le open air, it takes nre spontaneously> and burns tionintoan: 
wi i a pale blue flame, and at the same time emits a 
gri ,t <]^iiantity of fumes of a very strong suffocating 
od ir. When set on fire, and then plunged into a jar 
fd of oxygen gas, it burns with a bright violet colour- 
ed .ame, and at the same time emits a vast quantity of 
fu es. If the heat be continued long enough, the sul- 
pl r burns all away without leaving any ashes or rm- 
du 771. If the fumes be collected, they are found to 
CO jist entirely of sulphuric acid. By combustion, then, 
su ihur is converted into an acid^. This fact was 
kr wfi several centuries ago ; but no intelligible expla- 
na on was given of it till the time of Stahl. That 
ch nlst undertook the task, and founded on his experi- 
m Its a theory so exceedingly ingenious, and support- 
ed )y such a vast number of facts, that it was in a very 
sh :t time adopted with admiration by the philosophic 
w -Id, and contributed not a little to raise chemistry to 
th : rank among the sciences from which the ridiculous 
pi tensions of the early chemists had excluded it. 

According to Stahl, there is only one substance in 
in ire capable of combustion, which therefore he call- planatUho/ 
ec Phlogiston ; and all those bodies which can be set 


Acids are a class of compound bodies, to be afterwards' described. 
Tl f arc dLstinguished by a sour taste, and by the property which they 
po ss of changing the blue colour of many vegetable infusions (of the 
^ 0 ' srs of mallows, for ’nsfance, or red cabbage) to red. 

T’nL I. t 
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on fire contain less or more of it. Combustion 
merelj the separation of this substance. Those bodies 
which contain none of it are of course incombustible. 
All combustibles, except those which consist of pure 
phlogiston (if there be any such), are composed of an 
incombustible body and phlogiston united together. 
During combustion the phlogiston flies off, and the 
incombustible body remains behind. Now when sul- 
phur is burnt, the substance which remains is sulphuric 
acid, an incombustible body. Sulphur therefore is 
composed of sulphuric acid and phlogiston. 

Ta establish this theory completely, it was necessary 
to show that sulphuric acid can be obtained by separa- 
ting the phlogiston from sulphur, and that sulphur can 
he actually formed by combining together sulphuric acid 
and phlogiston. Both of these points Stahl undertook 
to demonstrate. If potash^ and sulphur be mixed to- 
gether and heated, they melt and form a brittle mass 
of a brown colour, consisting of the two substances 
combined together. Put this compound, previously re- 
duced to powder, into a flat open vessel, and expose it 
to a gentle fire, the sulphur gradually disappears, and 
sulphuric acid is found in its place combined with the. 
potash. In this case, said Stahl, the gentle heat dis- 
sipates the phlogiston and leaves the acid. To form the 
sulphur anew, it is only necessary to present to the acid 
a body containing phlogiston. Lampblack or charcoal 
is such a body : for it is combustible, and therefore, 
according to the theory of Stahl, contains phlogiston : 
when burnt, it leaves a very inconsiderable residuum, > 


* The nature diall afterwards he explained 
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as 


^nd Dnsequently contains hardly any thing else than 
phlc iston. He mixed together in a crucible the com- 
pou i consisting of sulphuric acid and potash, and one-« 
four i part by weight of pounded charcoal, covered the 
cruc >Ie with another inverted over it, and applied a 
stroT ■ heat to it. He then allowed it to cool, and ex- 
amii d its contents. The charcoal had disappeared, 
and lere only remained in the crucible a mixture of 
pota 1 and sulphur combined together, and of a darker 
colo r than usual from the residuum of the charcoal. 



No\ there were only three substances in the crucible 
at fi ;t, potash, sulphuric acid,>and charcoal; two of 
thes have disappeared, and sulphur has been found in 
thei] place. Sulphur then must have been formed bj^ 
the jmblnation of these two. But charcoal consists of 


phk iston and a very small residuum, which is still 
foun in the crucible. The sulphur then must have 
beer formed by the combination of sulphuric acid and 
phlc iston This simple and luminous explanation 
app( red so satisfactory, that the composition of sulphur 
was ong considered as one of the best demonstrated 
trut i in chemistry. 

1 lere are two facts, howevei*, which Stahl either did t/nsatlsfac- 
not now, or did not sufficiently attend to, neither of 
whi 1 is accounted for by his theory. The first is, 
that ulphur will not burn if air be completely exclu- 
ded the second, that sulphuric acid is heavier than the 
snip ar from which it was produced. 

T account for these, or facts similar to these^suc- 


£ liPs C6ymuo’-F.h’Tic9«M^d. Anatomia sulphurls Cotntam; 
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chemists refiaed upon the theory of Stahl, de^ 
u— ; prived his phlogiston of gravity ^ and even assigned it 
a principle of levity. Still, however, the necessity of 
the contact of air remained unexplained. At last Mr 
Lavoisier, who had already distinguished himself by 
Real expla extensiveness of his views, the accuracy of his ex- 
nadon by periments, and the precision of hia reasoning, under- 
i.avoisier. took the examination of this subject, and his experi- 
ments were published in the memoirs of the Academy 
of Sciences for niT. He put a quantity of sulphur in- 
tOi a large glass vessel filled with air, which he invert- 
ed into another vessel containing mercury, and then set 
fire to the sulphur by means of a burning-glass. It 
emitted a blue flame, accompanied with thick vapours,, 
but was very soon extinguished, and could not be again 
kindled. There was, however, a little sulphurio acid 
formed, which was a good deal heavier than the sul- 
phur whicli had. disappeared ; there was also a diminu- 
tion in the air of the vessel proportional to this increase 
of weight. The sulphur, therefore, during its conver- 
sion into an acid, must have absorbed part of the air. 
He then put a quantity of sulplmret of iron, which con- 
sists of sulphur and iron combined together, into a glass 
vessel full of air, which he inverted over water *. The 
quantity of air in the vessel continued diminishing for 
eighteen days, as was evident from the ascent of the 
water to occupy the space which it had left j but after 
that period no further diminution took place. On ex- 
amining the sulphuret, it was found somewhat heavier 


. * This experiment was first made by Scheele, but wirh a diifck\''r.? 
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tl n when first introduced into the vessel, and the air , 
o the vessel wanted precisely the same weight. Now 
tl 3 air had lost all its oxygen ; consequently the whole 
o that oxygen must have entered into the sulphuret. 

It rt of the sulphur was converted into sulphuric acid; 
a i as all the rest of the sulphuret was unchanged, 
t] I whole of the increase of weight must have* been 
o ing to something which had entered into that part 

0 the sulphur which was converted into acid. This 
s nething we know was oxygen. Sulphuric acid 
t erefore must be comppsed of sulphur and oxygen ; 

1 : as the original weight of the whole contents of the 
ssel remained exactly tiie same, there was not the 

j lallest reason to suppose that any substance had left 
3 sulphur. 

It is impossible then that sulphur can be composed 
X sulphuric acid and phlogiston, as Stahl supposed, 
j ice sulphur itself enters as a part into the composi- 
■ in of that acid. There must therefore have been 
ime want of accuracy in the experiment by which 
:ahl proved the composition of sulphur, or at least 
)me fallacy in his reasonings ; for it is impossible that 
lere can be two contradictory facts. Upoii- exami- 
ing the potash and sulphur produced by Stahl’s expe- 
iment, we find them to be considerably lighter than 
le charcoal, sulphuric acid, and potash originally em- 
loyed. Something therefore has made its escape during 
le application of the heat. And if the experiment be 
inducted in a close vessel, with a pneumatic apparatus 
ttached to it, a quantity of gas will be obtained exact- 
or equal to the weight which the substances operated on 
ave lost ; and this weight considerably exceeds that of 
.11 the charcoal employed. This gas is carbonic acid 
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Boo|:L will ch IS composed of charcoal and oxygen. 

Division L ^ . .. - 1. * • *. 

yve now perceive what passes in this experiment: 
Charcoal has a stronger affinity for oxygen at a high 
temperature than sulphur has. When charcoal there- 
fore is presented to sulphuric acid in that tempera- 
ture, the oxygen of the acid combines with it; they 
fly off in the form of carbonic acid gas, and the sul- 
phur is left behind. In Stahl’s first experiment, the 
change of sulphur into sulphuric acid was obviously 
owing to the absorption of oxygen from the air. Hence 
the reason why the mixture must be placed in an open 
vessel. The combustion of sulphur, then, is nothing 
else than the act of its combination with oxygen, 
Conctitu- From the slow combustibility of sulphur, and the 
^hurieSd condensing the acid fumes, it was not pos- 

sible for Lavoisier to ascertain with how much it 
unites daring its combustion in oxygen gas; but it 
may be converted into sulphuric acid by boiling it in 
a quantity of m^ric acid* : and the proportion of oxy- 
gen with which it has united may be deduced from 
the increase of its weight. This experiment was first 
tried by Bertholletf ; but his apparatus did not enable 
him to attain precision, Thenard J and Chenevix§ re- 
peated it lately, and with proper precautions. Accord- 
ing to the first, 100 parts of sulphur unite with. 80 ; 
according to the last, with 62*6 of oxygen. But both of 
these chemists fell into a mistake in estimating the 


^ This add, called in common language aqua fortis^ will he' described 
hereafter. ■ ' 

• f Mtm. Pat\ 1781, p. a 31 . t Jnn* de Chim, XXldi. 

^ Irhb Trans* 
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’quMtity of sulphuric acid formed, which has been a- 
Yoided in a late experiment on the same subject by 
Klaproths The estimate of this eminent chemist, there- 
fore, may be considered as approaching as nearly to 
precision as the present state of the science admits^. Ao 
cording to him sulphuric acid is composed of 
42"3 sulphur 
5T1 oxygen 


100-0 

or 100 parts of sulphur combined with 136*5 of oxjr 
gen 

4» But sulphur does not always unite with so great a 
ijuantity of oxygen : indeed it usually burns with a 
blue flame, and emits an exceedingly offensive smell. 
This smell is occasioned by the escape of a gas, which 
may be confined in proper vessels : it is sulphurous acid* 
By adding oxygen to it, we may convert it into sul- 
phuric acid $ a proof that it contains les^ oxygen than 
that acid. From a set of experiments which I made 
on^sulphurous acid, it follows, that it consists of 8? parts 
of sulphuric acid united to 18 of sulphur. Heiice its 
constituents must be 

53 sulphur 
47 oxygen 

lOO 

or 100 sulphur and 88*6 oxygen, 

5. If sulphur be kept melted in an open vessel, it be- 
comes gradually thick and viscid. When in this state. 



^ Gehleu’i Jqut^ v, 109, 
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Book T, Jf ft be poured into a bason of water, it will be found 
Division I. . , • 

to be of a red colour, and as soft as wax. In this 

state it is employed to take off impressions from seals 

and medals. These casts are known in this country by 

Oxide of the name of sulphurs. When exposed to the air for a 

^oulphur. days, the sulphur soon recovers its original brittle- 

pess, but it retains its red colour. It is supposed at 

present, that sulphur, rendered viscid and red by a 

long fusion, has combined with a little oxygen ; hence 

the term of sulphur has been applied to it. This 

substance, when newly made, has a violet colour; it has 

a fibrous texture; its specific gravity is 2*325; it i§ 

tough, and has a straw cplour when pounded. I found 

that Too parts of it, when converted into 'sulphuric 

aicid by means of nitric acid, became 220 parts, and 

therefore had united with 1^0 parts of oxygen. Hence 

it follows, that 107*3 parts would form 236 parts of 

sulphuric acid : but 100 parts of sulphur would form 

the same quantity of acid ; therefore 107 parts of our 

oxide, by this reasoning, are composed of 100 sulphur 

and seven oxygen^. 

l.sc salphii- <5* When sulphur is first obtained by precipitation 
from any liquid that holds it in solution, it is always of 
a white colour, which gradually changes to greenish 
yellow when the sulphur is exposed to the open air. 
If this white powder, or lac sulphuris^ as it is called, be 
exposed to a low heat in a retort, it soon acquires the 
colour of common sulphur; and, at the same time, a 
quantity of water is deposited in the beak of the re- 
tort. On the other hand, when a little water is drojpl^ 


Nicholson’s I02, 
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into melted sulphur, the portion in contact with the Chap. 
water immediately assumes the white colour of lac suU 
phitris. If common sulphur he sublimed into a vessel 
filled with the vapour of water, we obtain lac sulphuris 
of the usual whiteness, instead of the common flowers of 
sulphur. These facts prove that lac sulphuris is a com- 
pound of sulphur and w’ater. Hence we may conclude 
that greenish yellow is the natural colour of sulphur. 
Whiteness indicates the presence of water 

7. Sulphur unites very readily to hydrogen, and Sulphure- 
^ ,1 r , ted hydros 

lorms a compound known by the name of sulphuretea gen gas. 

hydrogen gas^ That such a gas existed, and that it was 

inflammable, had been observed by Rouelle f ; but its 

properties and composition were first investigated by 

Scheele in 1777, who must therefore be considered as 

the real discoverer of itf. Bergman, in 1778, detailed 

its properties at greater length having examined it 

probably after reading the experiments of Scheele. In 

1786, Mr Kirwan published a copious and ingenious • . . . 

set of experiments on it '^*. The Dutch chemists exa- ; 

mined it in 1792 t+, and in 1794 Berthollet, with his 

usual sagacity, still further developed its properties ; 

and since that time several important facts respecting 

it have been ascertained by Proust and Thenard. 

This gas may be procured by the following process. 

Melt three parts of iron filings and two parts of sul- 
phur in a close crucible, and continue the heat till the 


f Nicholson’s Jour. vi. p. loa. f Mactjuer*s Dui. i j2a 

Scheele on Air and Fire, p, i86. Engl. Trans. 

§ See his Treatise on Hot Mineral Waters, Ofusc. i. 235. and Engl 
Prans. i. apo. ** PhiJ. Trans, 17861 p. I1S4 

' ff Ann. de Cbim. xiv. 294. It Jhid. xxv. 233. 
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sulphur ceases to sublime. Let the mixture cool, 
duce it to powder, and put it, with a little water, into a 
glass vessel with two mouths. Lute a crooked glass 
tube to one of these mouths, and let the othet extremi- 
ty of it pass under a glass jar full of waters Pour mu- 
riatic acid through the other mouth, and then imme- 
diately close it up. Sulphureted hydrogen gas is dis- 
engaged abundantly, and fills the glass jar This gas 
was first called stinging sulphureous air^ then hepatic air^ 
and after Gengembre had ascertained its composition 
it got the name of sulphureted hydrogen* 

It is colourless, and possesses the mechanical proper- 
ties of air* It has a strong fetid smell, not unlike that 
of rotten eggs. It does not support combustion, nor 
can animals breathe it without suffocation. Its speci- 
fic gravity, according to the experiments of Kirwan, is 
that of air being 1*000 f ; but Thenard makes 
it as high as 1*231 J. 100 inches of it, according to 
Kirwan^s estimate, kt the temperature of 60°, barometer 
30 inches, w^eigh 34*286 grains j but according to Tbe- 
nard’s estimate, they weigh 38*17 grains. 

This gas is absorbed by w^ater very rapidly. From 
the late experiments of Henry, w^e learn that 100 cu- 
bic inches of that liquid is capable, at the temperature 
of 50°, of absorbing 108 inches of sulphureted hydro- 
gen The water thus impregnated is colourless, but 
it has the smell of gas, and a sw'eetish nauseous taste. 
It converts vegetable blue colours to red, and has many 


^ Schecle, on A2r and Fire, p. iB6« 
ijt Ann* de Chim, xtxli, 267. 


f On Phlo^isioTty p. 3 1, 

{ Phil, Transi 1803, p. 274- 
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ther propertie$ analagons to those of acids. When 
be liquid is exposed to the open air the gas gradually 
uakes its escape. 

When sulphur eted hydrogen gas is set op. fire, it 
jurns with a bluish red fiame, and at the same time 
leposits a quantity of sulphur. When the electric 
park is passed through it, sulphur is deposited, but 
ts bulk is scarcely altered^. It deposits sulphur also 
.vhen agitated with nitric acid, or when that acid is 
kept into water impregn?Lted with itf . When mixed 
vith common air it burns rapidly, but does pot ex- 
plode. When mixed with its own bulk of oxygen gas, 
and fired by electricity, an explosion is produced, and 
ao sulphur deposited ; but the inside of the glass is 
noistened with water. The products in this case are 
julphuric acid and water. It was experiments similar 
0 this that induced Gengembre to conclude that this 
gas is composed of hydrogen and sulphur. He ex- 
plained its formation by supposing that the sulphur, 
when united to iron, acquires a strong tendency to 
absorb oxygen. Accordingly it decomposes water, 
which is always present, and unites to its oxygen. By 
this means a part of the sulphur is converted into sul- 
phuric acid, as had been observed by ScheeleJ. The 
hydrogen of the water, at the instant of its evolution, 
coming in contact with the rest of the sulphur, dissolves 
a portion of it, and forms sulphureted hydrogen. The 
putch chemists have shown, that when carbureted hy- 
drogen gas is passed through melted sulphur, the suk 


^ Austin, Phil, Trans, 1788, p. 3 S5, 
I S cheele, c« Air and Fir^. p. 190. 
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Boole T- pbar is blackened (they supposed by the deposition of 

t-., , ^ - ‘j charcoal), and the gas assumes the properties of sul- 

phureted hydrogen’^ This demonstrates the presence 
of hydrogen in it, though neither they nor Kirwan suc- 
ceeded in forming sulphureted hydrogen by passing 
hydrogen gas through melted sulphurf* 

To ascertain the constituents of this gas, Thenard 
dissolved 100*7 cubic inches of it in water, and by 
means of an acid converted all the sulphur that they 
contained into sulphuric acid. The sulphuric acid ob- 
tained, according to his estimate, weighed very nearly 
49*2 grains. Now if we suppose sulphuric acid com- 
posed of 100 sulphur and 136*5 oxygen, w^e obtain 
20*8 grains for the sulphur contained in 100*7 inches 
of this gas: but' 100*7 inches weigh, according to 
Thenard, 38*44 grains. The difference of the two 
weights must he ascribed to hydrogen ; of course sul- 
phureted hydrogen is composed of 
20*8 sulphur 
17*6 hydrogen 

38*4 

Hence 100 parts of hydrogen are combined in tlie gas 
with 118 parts of sulphur J. If this analysis be 
precise, it follows, that iOO cubic inches of hydrogen 
gas, in order to be converted into sulphureted hydrogen, 
combine with about 3 grains of sulphur, and are con- 
verted into about 14 cubic inches : so that hydrogen 


Ann. de Chtm.yixi, 55, 

f Gcngembrc says, that he succeeded in obtaining sulphureted hydrogen 
^as by heating sulphur in hydrogen gas by means of a burning glass. 

I A:m>de zCj. 
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gas, 'by dissolving sulphur, is reduced to little more than 
^th of its original bulk"^. 

This gas has the property of disso-lviug a small quan- 
tity of phosphorus. Nothing more is necessary than 
to allow bits of phosphorus to remain for some hours 
in glass jars filled with the gas. When common air is 
admitted to this compound, a very voluminous bluish 
fiame is produced, owing evidently to the combustion 
of the dissolved phosphorus. When the hands or a 
spunge are plunged into it, they continue luminous in 
the air for some time after f. 

8. Sulphur acts with considerable energy upon char- 
coal when assisted by heat. The phenomena were 
first observed by Messrs Clement and IXesormes, during 
a set of experiments on charcoal. The process which 
they followed was this: Fill a porcelain tube with char- 
coal, and make it pass through a furnace in such a way 
that one end shall be considerably elevated above the 
other. To the lower extremity lute a wide glass tube, 
of such a length and shape that its end can be plunged 
to the bottom of a bottle of water. To the elevated 
extremity lute another glass tube filled with small bits 
of sulphur, and secured at the further end, so that the 
sulphur may be pushed forward by means of a wire, 
without allowing the inside of the tube to communicate 
with the external air. Heat the porcelain tube, and 
consequently the charcoal which it contains, to redness. 


It is necessary to remark, that In all probability hydrogen unites to 
at least two clozes of sulphur, Thenard’s gas seems, from itssperific 
gravity, to have contained more sulphur than Kirwan's, 
f jfourcroy and Vaucjuelin, de 206, 
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and continue the heat till air^bubbles cease to come from 
the charcoal ; then push the sulphur slowly, and piece 
after piece, into the porcelain tube. A substance passes 
through the glass tube, and condenses under the water 
of the bottle into a liquid*. 

This liquid was obtained by Lampadius in 1796, 
while distilling a mixture of pyrites and charcoal, and 
described by him under the name of alcohol of sulphur 
From a late and more detailed set of experiments on it, 
he drew, as a conclusion, that it is a compound of sulphur 
and hydrogenj. But Clement and Desormes consider- 
ed it as a compound of sulphur and charcoal 5 and in- 
form us, that when it is exposed to evaporate in open 
vessels a portion of charcoal remains behind. The sub- 
ject has been lately investigated with accuracy by Ber- 
thollet junior §. From his experiments it follows, that 
the opinion of Lampadius is correct, that the liquid in 
question is a compound of sulphur and hydrogen with** 
out any perceptible mixture of carbon, and that it con- 
tains a greater proportion of sulphur than sulphureted 
hydrogen. We may therefore give it the name of su^ 
per sulphureted hydrogen^ 

This liquid is transparent, and colourless when pure, 
but very frequently it has a greenish yellow tinge. Its 
taste is cooling and pungent, and its odour strong and 
peculiar. Its specific gravity is 1’3. It does not mix 
with water. When put into the receiver of an ait- 
pump, and the airexhausted, it rises in bubbles through 
the water and assumes the form of a as. The same 


•* Ann.dc Cbu .. x/.., : :• - . nah, I796, n.',I3d- 

I Cchlcu’* Jour. , .. i L' •: ' / rcueil, i, 304. 
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cl nge takes place when it is introduced to the top of Chap. if. 
a arometer tube ; but it is again condensed into a lU 
q id when the tube is immersed under mercury. 

This compound burns easily like spirit of wine and 
n .ny other liquids. During the combustion it emits a 
s [phureous odour. When a little of it is put into a 
• 1 ttle filled with oxjgen gas, it gradually mixes with 
t j oxygen, and asumes the gaseous form. If a burn- 
i j taper be applied to the mouth of the bottle, the 
1 ixture burns instantaneously, and with an explosion 
s violent as to endanger the vessel. It assumes the 
I .seous form in the same way when placed in contact 
Lth air. This mixture does not detonate when kindled, 
j It burns quietly. 

This liquid dissolves phosphorus readily. It die- 
1 Ives likewise a small portion of sulphur ; but has no 
:tion whatever on charcoal*. 

During the action of the sulphur on the charcoal a 
>asiderable portion of sulphnreted hydrogen gas is also 
/olved. Indeed it appears from the experiments of 
' erthollet, junior, that the formation of the supersul- 
lureted hydrogen, in a liquid state, depends upon the 
roper regulation of the heat, and upon the rapidity 
dth which, the sulphur comes in contact with the char- 
Dal. When too much sulphur is passed through the 
larcoal, part of it escapes and condenses, but retains 
i it a portion of hydrogen. The proportion of hydro- 
en in the liquid which condenses, and likewise in the 
as formed, varies considerably according to circnni- 
ances. 


^ is xlii. :s6. 
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These experiments demonstrate that charcoal coh^ 
tains hydrogen as a constituent. The charcoal which 
remains in the tube after the process is unaltered in its 
appearance, but it retains a little sulphur, with which 
it is chemically combined. This sulphur may be 
burnt away by the application of heat in the open air. 
But the charcoal itself remains unconsumed, and does 
not burn without difficulty even when kept in a strong 
red heat. 

By the application of a sufficiently strong and long 
continued heat to the charcoal while sulphur is made to 
come in contact with it, the whole disappears, and a gas 
passes over, which from the examination of Berthollet 
appears to be a triple compound of sulphur, carbon, 
and hydrogen*. 

Q. Sulphur and phosphorus readily combine with . 
each other, as was first ascertained by Margraff. Pel- 
letier afterwards examined the combination with carej. 
Some curious observations were published on the for- 
mation of this compound by Mr Accum J ; and soon a.f- 
ter the circumstances under which it takes place were 
explained with precision by Dr Briggs [[. 

All that is necessary is to mix the two substances 
together, and apply a degree of heat sufficient to melt 
them, as Pelletier first observed. The compound has 
a yellowish white colour, and a crystallized appear- 
ance The combination may be obtained by heating 
the mixture iu a glass tube, having its mouth properly 


^ Mem. D’Arcueil, i 3^4. 

f Jour, de Phys, XXXV. 

li Uid. vii. 58. 


f 0/)usc. i. 1 1. 

§ Nicholson, vi, 
^ Briggs, IHd. 
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s :ured from the air. The sulphuiret of phosphoruS} 
t IS prepared, is more combustible than phosphorus, 
I it be set on Sre by means of a hot wire, allowed to 
I: rii for a little, and then extinguished by excluding 
t : air, the phosphorus^ and perhaps the sulphur, is oxi- 
c ^.ed, and the mixture acquires the property of ta- 
ig fire spontaneously as soon as it comes in contact 
1 thair^ ■ 


, Chap. IT. 


The combination may be procured also by putting 
t s two bodies into a retort, or flask, filled with water, 
a i applying heat cautiously and slowly* They com- 
I; le together gradually as soon as the phosphorus is 
I ilted.. It is necessary to apply the heat cautiously, 
1; cause the sulphuret of phosphorus has the property 
c decomposing water, as had been observed by Mar- 
g if, and ascertained by Pelletier. The rate of decom- 
p sition increases very rapidly with the temperature, a 
p ttiori of the two combustibles being converted into 
a ds by uniting to the oxygen : the hydrogen at the 
r )ment of its evolution unites with sulphur arid phos- 
j orus, and forms sulphureted and phosphoreted gases. 
'' lis evolution, at the boiling temperature, is so rapid 
{ to occasion violent explosions, as I accidentally oh- 
s :ved some years ago* Mr Accum has lately exami- 
T d the circumstances attending this explosion, and found 
t It the gas emitted burns spontaneously, and leaves 
p osphoric and sulphuric acids. The sulphuret of phos- 
p orus formed tinder tvater has a yellow colour. It 
g ^es to the tvater in which it is kept an acid taste, 
a i the smell of sulphureted hydrogen. It burns^ ac« 


VoL L 
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cording to Dr Briggs, at a temperature considerably 
lower than a similar compound made in the dry way^ 
This induces him to conclude, that during the combi- 
nation a little water is decomposed, ^nd the oxygen ex- 
pended in converting the sulphur and phosphorus into 
oxides. 

The sulphuret of phosphorus may be distilled over 
without decomposition. Indeed it was by distillation 
that Margraf first obtained it. Sulphur and phospho- 
rus, by combining, acquire a considerable tendency to 
liquidity ; and this tendency is a maximum when the 
two bodies are combined in equal proportions. The 
following table exhibits the result of Pelletier’s expe- 
riments on the temperatures at which the compound be- 
comes solid when the substances are united in various, 
proportions * x 


8 

1 

a 

2 

S 

4 

8 

8 

4 

8 

4 
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Phosphorus 7 

Sulphur ^ '“S'*!”* 

Phosphorus 

a , f f at 59° 

Sulphur 3 

Phosphorus 7 

Sulphur 1 

Phosphorus 7 

Sulphur 3 

Phosphorus 7 

Sulphur $ 

Phosphorus 7 

Sulphur 5 ““-5” 


* Ann» de Chim» iv, 
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vVhtn the sulphur predominates, this compoiind may Chap, 
ht called phosphuret of sulphur ; when the phosphorus 
e; :eeds, it may be called snlphuret of phosphorus. 

10. From an experiment of Mr Clay field made in 
1 59, and lately described by Mr Davy^, and from si- 
ni ar experiments performed still more lately by Ber- 
tl llet juniorf, there is reason to conclude that sulphur 
C( tains hydrogen as a constituent. Mr Clajfield dis- 
ti ed a mixture of three parts copper filings, and one 
p t powdered sulphur, both well dried, and obtained 
a aantity of sulphureted hydrogen gas. Berthollet dis-* 
ti ed sulphur mixed with copper, and with iron, and 
\\ ;h mercury, and obtained the same gas, especially 
en mercury was used. Sulphur, then^ is in all pro- 
b jility a compound. But as we are ignorant of the 
O' er constituent of this substance, and as we do not 
k Dw whether the hydrogen enters into the composi- 
ti a of sulphuric acid, we cannot venture as yet to place 
it n the class of compound combustibles. 


Such are the properties of the simfile cothhiistlbles, 
a 1 such the combinations which they form with oxy- 
g 1 and with each other. Hydrogen, as far as W'e know 
a present, is really a sindple body ; but charcoal^ phos- 
p Drus, and sulphur, are certainly compounds containing 
h irogerj as a constituent. Whether this hydrogenenters 
if 3 the acid compounds which these three bodies form 


■ On the decomposttioH * and composithn of the fxed alkalies, 
T> IS. i8o8. 
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With oxygen ; or whether these acids consist merely o£ 
the other unknown constituent combined with oxygen, 
has not been determined. But the first of these sup- 
positions is probable, though it would be difficult to as- 
certain its truth by actual experiment. 

Hydrogen in a separate state can only be exhibited 
ill the state of gas, and cannot therefore be compared 
with the rest in its properties. Carbon is always solid, 
and cannot be fused, far less volatilized, by any degree 
of heat which we can raise. Sulphur and phosphorus 
bear a striking resemblance to each other. They are 
both solid, both fusible by heat, both volatilizable, and 
both boil and assume the form of vapour when suffi- 
ciently heated. 

It is the combustibility of these bodies, and the strong 
tendency wdiich they have to unite with oxygen, which 
constitutes their charateristic property. They are all 
capable of condensing a certain determinate portion of 
this principle ; and when once they have combined with 
that portion, they cannot unite with any more. In che- 
mical language, they are then said to be saturated witli 
oxygen. Now the proportion of oxygen with which 
each is capable of uniting, is exceedingly different, as 
will appear from the following tabic : 


100' hydrogen unites wdth 597*7 oxygen 


100 carbon 257*0 

100 phosphorus 154*0 

100 sulphur 13S*7 


Afiaiky for This difference claims particular attention. Berthollet 
ingeniously supposed that the affinity of one body 
for another is proportional to the quantity of it which 
it is capable of condensing* The phenomena of che- 


SULPHUR, 


I#1 


m try agree well with this suppdsition. But if we ad- 
m it, we must suppose the affinity of the simple com- 
bi itibles for oxygen to be in the order which we have 
fc owed in describing them. Hydrogen will have the 
g: ate St affinity, carbon will be next, then phosphorus ; 
ai . sulphur will have the weakest affinity of all. 

Hydrogen when saturated with oxygen forms water j 
tl other three combustibles form acids, the corrosive 
lities of which become stronger, the smaller the 
intity of oxygen necessary to saturate the cpmbusti- 
b. . This fact is curious, Berthollet supposes that 
tl: properties of oxygen are disguised best when it is 
c< abined with those bases for which it has the strong- 
es affinity, and that its predominant qualities begin to 
di day themselves as the affinity of the base diminishes. 
T is notion, which is ingenious enough, if applied to 
o: 'gen, would lead us to conclude, that when in a con- 
di sed state it is of a corrosive nature, unless when its 
ac .on is checked by the body to which it is united. A 
ni ion that accords well with the great activity of this 
ii )ortant substance. 

Hydrogen combines only with oxygon in one propor- 
ti 1 ; but all the rest are capable of uniting with vari- 
01 i doses of it. 

Zlarbon is believed to be capable of uniting with three 
d' es of it. The first compound is supposed to be a 
b'. ck powder resembling charcoal. It is rather hypo- 
tt deal at present. When ascertained it may be called 
cc honous oxide. The second compound is carbonic ox- 
ia gas ; the third carbonic acid, 

ffiosphorus when imperfectly burnt is convered into 
0^ ie of phosphorus. When left exposed to the open air, 
it gradually combines with oxygen, and is converted 
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into an acid liquid called phosphorous acid. When set 
on fire, it combines with a maximum of oxygen, and is 
converted into white flakes, destitute of smell, called 
phosphoric acid. 

Sulphur, when kept long in a state qf fusion, com- 
bines with a small dose of oxygen, and is converted in- 
to oxide of sulphur. When heated to 560° in the open 
air, it burns with a blue flam.e, combines 'wnth oxygen, 
and forms an acid which has a peculiarly suffocating 
odour, and is called sulphurous acid. When mixed 
with nitre and set on fire, it combines with a maximum 
of oxygen, and forms an acid without smell called suL 
pburic acid. 

All the simple combustibles are capable of combining 
with each other. Chemists have agreed to give to all 
such combinations a name ending in uret^ and derived 
from that ingredient which is supposed to characterize 
the compound. Thus we have sulphur et of phosphorus^ 
of carhoiiy and of hydrogen j b-ut the last compound be- 
ing gaseous, is usually denomixizted suJphureted hy-* 
drogen gas. We have likewise phosphuret of sulphur^ 
of carhori, and of hydrogefiy or phosphureted hydrogen 
gas. We have also two species of carbureted hydras- 
gen gas. All these compounds retain their combusti^ 
bility,' 
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HE characteristic property of those substances which Characters, 
i ;erm simple incombustibles, is a strong tendency to 
i ite to oxygen ; the combination is not accompanied 
i the emission of heat and light, and the compounds 
[ :med are capable of supporting combustion. Only 
t 0 substances possess this character ; namely, a%QU 
\ d muriatic acid^ There are indeed two other incom- 
I istible bodies not hitherto decompounded; but they 
i I not combine with oxygen at all : and at present ana- 
I jy leads us to place them among the compounds^ 


SUlThE IHC0MiSUST|3I-ES. 


SECT. i. 

PF A 7 . 0 TJE, 

Method of I. Azote, called also nitrogei^t, bj some chemists, 
» 2 ocic^ga?. procured bj the following process : If a 

quantity of iron filings and sulphur, mixed together, 
and , moistened with water, be put into a glass ves- 
sel full of air, it will absorb all the oxygen in the course 
of a few days ; but a considerable residuum of air will 
still remain incapable of any further diminution^. This 
residuum has obtained, the appellation of azotic gas^ 
There, are other methods of obtaining it more speedily^ 
If phosphorus, for instance, be substituted for the iron- 
filiugsand sulphur, the absorption is completed in less 
than . 24 hours. The following method, first pointed 
out by Berthollet, furnishes very pure aa^otjegas, if the 
proper precautions be attended to. Very much diluted 
aquafortis^ or nitric acid rs it is called in chemistry, is 
poured upon a piece of muscular flesh, and a heat of 
about 100° applied. A considerable quantity of azotic 
gas is emitted, which may be received in proper ves- 
sels. 

This gas was discovered in 1*772 by Dr Rutherford, 
nowprofessor of botany in the university of Edinburghf^ 


J04 


Book L 
,'Pivigiop R 


This experiment was first made by Dr Hales, 
f See his thesis De Acre Mephltlcoy published in 1772.—“ 3 ed aer sa- 
iubriset purus rewiiationem animali non modo cx parte fit mephiticus, sed 
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Sch ,ie procured it by the first mentioned process as 
ear] a$ 1176, and proved that it was a distinct fluid 

3 The air of the atmosphere contains about 0*79 
par (in bulk) of azotic gas ; almost all the rest of it 
is c ygen gas. Mr Laroisier was the first philosopher 
wh published this analysis, and who made azotic gas 
kn< vn as a component part of air. His experiments 
we : published in 1773 f. Soheele’s Treatise on Air 
anc Fire, in which his analysis is contained, was act 
pu ished till 1777. 

, Azotic gas is invisible and elastic like common 
ail which it resembles in its mechanical properties. 

It as no smell. Its specific gravity, according to Kir*, 
wj , is 0*985 J, that of air being i*000. Lavoisier 
m: :es it pnly 0*078 and with this the statement of 
D ry coincides exactly jj. According to Mr Kirwan, 

1C cubic inches of it, at the temperature of 60*^, ba- 
re leter '30 inches, w^eigh 30*535 grains ; according to 
L noisier and Davy, they weigh 30*33$ grains. 

. It cannot be breathed by animals without sufFoca- Destroys 
ti u If obliged to respire it, they drop down dead al- 


tl Ham indulis szi/s mutationem inds patitiir. Post<jiiaiii enim omnis aer 
n jJiiticus {carbonic acid ^ras) ex eo, ope lixivii canstici sc cretus et abduc- 
ti fueritj ffzd iamca restat iitillo modo salubrtor inde evadit ; nam qiiam- 
V. lUiliam ex aqua caicis praeclpitationem faciat baud niiaus quam aiitea 
imzzzamtt vHam cctlngzilty* Page 17. W^'lien Hausbee passed air through 
Ti -hot metallic tubes, he must have obtained this gas ; but at that time 
tl difference between gases was ascribed to fumes held in solution. See 
p 7rans. Abr. V. 6 1 3 . 

^ On Air and Flre^ p. 7. 

See his remarks on Schcele’s works, M^m. Par, 1781, p. 397, 

On Pbloglston^ p, ?,7„ f I.avoisier’s Klsmenfs, 

Jiscearches^ S('$, 
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most instantly^'. Na combustible will bum in it- 
Hence the reason xvhy a candle is extinguished in at- 
mospherical air as soon as the oxygen near it is con- 
sumed. Mr Goetding, indeed, published, in 1794, 
that phosphorus shone, and was converted into phos- 
phoric acid, in pure azotic gas. Were this the case, 
it would not be true that no combustible will burn in 
this gas; for the conversion of phosphorus into s^nacid, 
and even its shining, is an actual though slow combus- 
tion* Mr Goettling’s experiments were soon after re- 
peated by Drs Scherer and Jaeger, who found, that 
phosphorus does not shine in azotic gas when it is per- 
fectly pure ; and that therefore the gas on which Mr 
Goettling’s experinaenis were made had contained a 
mixture of oxygen gas, owing principally to its having 
been confined only by water. These results were af- 
1:erwards confirmed by Professor Lampadius and Pro- 
fessor Hildebrandt. It is therefore proved beyond a 
doubt, that phosphorus does not burn in azotic gas ; and 
that whenever it appears to do so, there is always some 
oxygen gas present 

4. This gas is not sensibly absorbed by water ; nor 
indeed are we acquainted with any liquid which has 
the property of condensing it. Dr Henry ascertained, 
that when \\7ater is previously deprived of all the air 
which it contains, 100 inches of it are capable of ab- 
sorbing only 1*47 inches of azotic gas at the tempera- 
ture of 60° J. 


* Hence the name azoie, given it by the French chemists, which sig- 
r/i^es destructive to life.*’ 
f Nicholson’s Journal.^ ii, 8. 


i Pb\L 1‘fans. 1803 , P' ^74« 
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1. When electric sparks are made to pass tlirough 
corr ion air confined in a small glass tube, or through a 
mis ire of oxygen gas and azotic gas, the bulk of the 
air minishes. This curious experiment was first made 
)r Priestley^ who ascertained at the same time, 
If a little of the blue infusion oi .lit?nus be let up 
the tubs it acq[uires a red colour ^ 5 hence it fok 
that an acid is generated. Mr Cavendish ascer-* 
:d, that the diminution depends upon the proper^ 
of oxygen and azote present; that when the two 
s arjs mixed in the proper proportions they. disap- 
• altogether, being converted into fzitric acid. Hence 
nferred that nitric acid is formed by the combination 
hese tV 70 bodies. This important discovery was 
municated to the Royal Society on the 2d June 
5 . The combination of the gases, and the forma- 
of the acid, was much facilitated, he found, by 
oducing into the tube a solution of potash in water, 
is body united with the nitric aeid as it was pro- 
:ed, and forrned with it the salt called nitre. In Mr 
i^endish’s first experiments there was some uncer- 
ity, both in the proportion of oxygen gas and of 
nmon air which produced the greatest diminution in 
•iven time, and in the proportion of the two gases 
iich disappeared by the action of the electricity. The 
leriment was twice repeated in the winter 1787-8 
Mr Gilpin, under the inspection of Mr Cavendisli, 
i in the presence of several members of the Royal 
clety. The last of these experiments, which was 
iducted with every possible precaution to ensure ac- 
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Division r. 1 TTX * i r • 

u- — rather more than a month. During the course of it 

there were absorbed 4090 measures of oxygen gas 
contaminated with yV azote, and 2588 mea- 

sures of common air. Now if we suppose that com- 
mon air contains 22 parts in the 100 of oxygen gas, 
and make the necessary corrections, we shall have 4532 
measures of oxygen _-gas, and 2146 measures of azotic 
gas, or very nearly 2 measures of azotic gas to 4^ of 
oxygen. 453*2 inches of oxygen weigh about 154 
grains, and 214*6 measures of azote about 65 grains. 
Proportion According to this statement, we have nitric acid com- 
posed of 100 parts by weight of azote united to 236 of 
oxygen ; or in the hundred parts 
29*77 azote 
70*23 oxygen 


100 * 00 ^ 


This result agrees almost exactly with the subsequent 
experiments of Mr Davy, according to which the con- 
stituents of nitric acid are 

29*5 azote 
70*5 oxygen 


100-0 t 


Two oxides 2. Nitric acid is a heavy liquid, usually of a yellow 
of azote, colour, which acts with great energy upon most sub- 
stances, chiefly in consequence of the facility with which 
it yields a portion of its oxygen. If a little phospho- 
rus or sulphur, for instance, be put into it, the acid 


Pi//. Trans, lySS, p. a66. 


f Researches^ p. 565® 



AZOTE. 


10& 


whei a little heated gives up oxygen to them, and con- 
vert: them Into acids precisely as if the two bodies were 
subj ;ted to combustion. In this case the nitric acid, 
by )sing a portion of its oxygen, 4s changed into a 
spec ;s of gas called nitrous gasy which flies off and oc- y. Nltroiss 
casi IS the effervescence which attends the action of 
nitri acid on these simple combustibles. Nitrous gas 
is p: cured in greater abundance, as well as purity, by 
diss' ving copper or silver in nitric acid. The gas may 
be : ceived in a water trough in the usual way. It 
posi sses the curious property of combining with oxy- 
gen he instant it comes in contact with it, and of form- 
ing itric acid. Hence the yellow fumes which appear 
wh< . nitrous gas is mixed with common air. This 
con ;ination furnishes a sufficient proof that the consti- 
tuei s of nitrous gas are azote and oxygen, and that rt 
con ins less oxygen than nitric acid. It is therefore 
an < 'ide of a^ote. 

■ When iron filings are kept for some days in ni- 2. Gaseous 
, - . . ^ . p . oxide. 

troi gas, they deprive it 01 a portion or its oxygen, 
and convert it into a gas which no longer becomes yel- 
lov when mixed with common air, but in which phos- 
ph( us burns with great splendour, and is converted 
int phosphoric acid. This combustion and acidifica- 
tio: is a proof that the new gas contains oxygen. Its 
for lation demonstrates that it contains azote, and that 
it ]• s less oxygen than nitrous gas. It is therefore an 
oxi ? of azote as well as the last described gas. The 
nat 3 gaseous oxide of azote has been given to it- 

hus we learn that azote is capable of uniting with 
thr i dozes of oxygen, and of forming two oxides and 
one acid. We shall find afterwards that there is still 
anc her acid composed of the same ingredients. 
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IIL The combinations of azote with simple cotnbiis'* 
tibles are: scarcely so numerous 5 but some of them are 
of great importance* 

1 . When putrid urine, wool, shavings of horn, and 
many other animal substances, are subjected to distilla- 
tion^ among other products there is obtained a substance 
which has a very pungent odour, and which is ^ell 
known under the names of hartsho7‘n and volatile al^ 
It may be procured in greatest purity from the 
salt called sal ammoniac. Pound this salt, and put it 
into a flask together with thrice its weight of ground 
quicklime, and luting on a bent tube, plunge the ex- 
tremity of it into a mercurial trough, and apply heat 
to the flask. A gas comes over, which is hartshorn 
in a state of purity ; by chemists it is usually called 
ammonia. It is light, absorbed in great abundance by 
water, has a pungent taste, and gives a green colour to 
vegetable blues. When electric sparks are passed 
through this gas. Its bulk is doubled, and it is converted 
into a mixture of hydrogen and azotic gases- 

Thls was considered as a demonstration of its com- 
position ; but from the late experiments of Mr Davy, 
there is reason to conclude, that besides hydrogen and 
azote it contains also a portion of oxygen It is 
difficult to form ammonia by uniting its constituents 
artificially. However, Dr Austin succeeded in com- 
bining them. 


* The term allialih applied in chemistry to a variety of substances 
which have the property of giving a green colour to vegetable blues, 
f The details will be given -u-hen we come to treat of ammonia. 
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When they are in the gaseous state, the union does 
n t take place ; but when hydrogen, at the instant of its 
€ olution, comes in contact with azotic gas, ammonia is 
f med. Dr Austin filled a jar with azotic gas, placed 
i over mercury, and let up into it some moistened iron 
f ,ngs. Now iron filings have the property of decom- 
] sing water. They unite with its oxygen, and allow 
i hydrogen to escape. There was suspended in the 
j : a paper tinged blue with radish. In a day or two 
i became green, and thus indicated the formation of 
s amonia ; for no gas but ammonia has the property of 

< anging vegetable blues to green. When nitrous gas 
' as substituted for azote, the ammonia was evolved 

3 ore speedily. The experiment succeeded also with 

< mmon air, but more slov/ly When nitrous gas 
i d sulphureted hydrogen are mixed, ammonia is form- 

< , as Kirwan first observed f. In this case the de- 

4 mpositions and new combinations are more com- 
] icated. 

2. No compound of azote and "carbon is at present 
Tiown; but if we believe Fourcroy, azotic gas has the 
roperty of dissolving a little charcoal. For according 
( him, azotic gas, obtained from animal substances by 
erthollet’s process, when confined long in jars, depo- 
tes on the sides of them a black matter, which has the 
roperties of charcoal J. 

3. phosphorus plunged into azotic gas is dissolved In 
small proportion. Its bulk is increased about J, 
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^ Phii. Trails^ 1788, p. 382. 
j: Fourcroy, Afin. de Chim, I. 45. 


•f j;pd, p. 384. 
§ Bertholki. 
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Book X. and phosphureted azotic gas is the result* When this 
Bmaon L mixed with oxjgen gas, it becomes luminous, in 

consequence of the combustion of the dissolved phos« 
phorus. The combustion is most rapid when bubbles 
of phosphureted azotic gas are let up into a jar full of 
oxygen gas. When phosphureted oxygen gas, and 
phosphureted azotic gas, are mixed together, no light 
is produced, ev’-en at the temperature of 82 ^ 

And suI- informs us, that when sulphur is melted in 

yhur. azotic gas, part ol it is dissolved, and sulphureted azotic 
gas formed- This gas has a fetid odour- Its properties 
are still unknown f- It is said to have been lately dis- 
covered by Gimbernat in the waters of Aix-la-Cha- 
pelle J. , 

Attemptsto IV* As azote has never yet been decompounded, it 
must, in the present state of. our knowledge, be consi” 
dered as a simple substance. Dr Priestley, who ob- 
tained azotic gas at a very early period of his experi- 
ments, considered it as a compound of oxygen gas and 
phlogiston, and for that reason gave it the name of phh^' 
gisticated air^ According to the theory of Stahl, which 
was then universally prevalent, he considered combus- 
tion as merely the separation of phlogiston from the 
burning body. To his theory he made the following 
addition: Phlogiston is separated during combustion by 
means of chemical affinity : Air (that is, oxygen gasj 
has a strong affinity for phlogiston : Its presence is ne- 
cessary during combustion, because it combines with 
the phlogiston as it separates from the combustible ^ 


* Fourcroy and Vauquelin, de Chim.xxi. 199, 
f Fourcroy, i, aco. | JmT..dc Chim, ii, 114- 
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and t even contribnt^is by its affinity to produce that Chap* tir, ^ 
sep atidn : The moment the air has combined with as Supposed, 
mu i phlogiston as it can. receive, or, to use a chetni- 

cal jrm, the moment it is saturated with phlogiston, oxygen and 
: . r ty ^ phlogiston^ 

con lustion necessarily stops, because no more phlogis- 
ton ;an leave the combustible^; Air saturated with 
phi riston is az.otic gas. This was a very ingenious 
the y, arid, when Dr Priestley published it, exceed- 
ing plausible. A great number of the most eminent 
chc lists accordingly embraced it : But it was soon af- 
ter iscbverhd, that during combustion the quantity of 
air instead of increasing, as it ought to do if phlogiston 
be ided to it, actually diminishes both in bulk and 
we ;ht. There is no proof, therefore, that during com- But crrcnc* 
bu! ion any substance whatever combines with air, but 
rat ;r the contrary. It was discovered also, that a 
qui itity of air combines with the burning substance du- 
rin combustion, as we have seen to he the case with 
sul hur, phosphorus, carbon, and hydrogen 5 and that 
thi air has the properties of oxygen gas. These dis- 
co ;ries entirely overthrew the evidence on which Dr 
Pi istley’s theory was forinded. 

lore lately a new theory concerning the composition 
of .zote has been proposed, and variously modified by 
di 2rent chemists. As this theory has occasioned a 
CO troversy which has been maintained in Germany 


= This ingenious theory was first conceived by Dr Rutherford, as ap-^ 
pc s from the following passage of his thesis. “ Ex iisdem etiam dedu- 
ce licet quod aer ille malignus (azotic gas) componitur cx acre aimo^ 
jrj&, '•ho cum phloghto wiito et quasi saiurato* Atque idem confirmatur eo, 
q\ i aer qiii met’allorum calcinationi jam inserviit, et phldgiiiton ab iis 
al puit, cjusdem plane sit indolis."* De Aeri M^pUttco^ " 

VoL L H 
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vr - * ted towards explaining several very curious chemical 

phenomena, I shall give a short account of the whole in 
this place. 

In the year 1783 Dr Priestley discovered, that when 
earthen ware retorts, moistened with water in the in- 
side, or containing a quantity of moist clay, are heated 
above the boiling temperature, very little water issues 
from their beak in the form of vapour ; but instead of 
it a quantity of air nearly equal to the weight of the 
water employed. As this air scarcely d’ifered in its 
properties from common air^ he concluded at first that 
the water by this process was converted into air. But 
he afterwards ascertained, by the most ingenious and de- 
cisive experiments, that the water which had disappear- 
ed, had made its way through the pores of the vessel,, 
while at the same time a quantity of external air was 
forced by the pressure of the atmosphere into the ves- 
sel, and that this was the air which issued out of the 
beak of the retort^. 

4 %^ Of water This conclusion was objected to by Achard of Ber- 

andfirc. 1734, who endeavoured to prove by experiment, 

that whenever steam is made to pass through red hot 
ear tkeU; tubes, or even metallic tubes, it is converted in- 
to azotic gas+. Mr Westrumb drew the same conclu- 
sion fron> an experipient of his own ; and hence infer- 
red, that azotic gas is composed of water and heat com- 
bined together In 1796, Wiegleb published along 
paper on the same subject ; in which he endeavours. 


* Priestley /?« j ii< 407- •• t 4^nals, 1785 , 1 . 3 Q 4 . 

mU p. 499» . ' ■ . , 
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1)0 i bj reasoning and experloients, to prove tlie truth 
of Westrumb’s theory^. This paper drew tke atten« 
tic of the associated Dutch chemists, Deimann, TroosU 
w: h, and Lawerenburg ; and induced them to make 
a try complete set of experiments, an account of which 
th r published 1798 +. Their experiments coincided 
ex :tly with those of Dr Priestley. No gas made its 
ap ear ance except when the instruments employed were 
of arthen ware, and of course capable of being penea^ 
tn id by air. Wiegleb’s method of making the ex- 
pc ment was to lute the tube of a tobacco pipe to a re- 
to containing some pure water. The tobacco pipe 
w 1 heated red hot by means of a charcoal fire ; and 
th 1 the water in the retort being made to boil, the 
st< m passed through the red hot pipe- The Dutch 
ct. mists found, that when instead of a tobacco pipe a 
gl IS or metallic tube was used^ or when the tobacco 
pi 2 was covered, with a glass tube, no gas appeared, 
ui 2SS the tube was cracked and that when gas was 
ol ained, it was always the same with the air on the 
01 side of the tube ; that is to say, a mixture of carbo- 
ni acid and axotic gas, when the tube was heated in a 
cl rcoal fire, and common air when the tube was with- 
di wn from the fire. Thus their experiments coincided 
p: cisely with those of Dr Priestley, and led them to 
tl. same conclusion. Mr Wiegleb attempted to an- 
jr the objections of the Dutch chemists, and to esta- 
bl ;h his own theory by new experiments ; but he has 
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by no means succeeded ; he has not been able to satisfy 
even himself^. 

Soon after Dr Girtanner published a dissertation on 
the same subject, in the 34th volume of the Annales de 
Chimie^ His experiments coincid!e pretty nearly with 
those of Wiegleb and his associates 5 but he drew from 
them very dilFerent consequences, and founded on them 
a theory almost diametrically opposite. According to 
him, azotic gas is obtained whenever water in the state 
of vapour comes into contact with clay. Thus, it is 
obtained when waiter is boiled in an earthen retort, or 
in a glass retort containing a little clay, or ending in an 
earthen tube. Hen<je he concludes, that azotic gas is 
composed of hydrogen and oxygen gas combined toge- 
ther, and differs from , water or vapour merely in con- 
taining a smaller proportion of oxygen f . These very 
singular assertions were put to the test of experiment 
by Berthollet and Bouillon Lagrange. But though 
they adhered implicitly to the directions of Girtanner,. 
and even varied the process every conceivable way, they 
did not obtain a particle of azotic gas J, Girtanner 
therefore either never performed these experiments at 
all, or he must have been misled by some cirdiimstance 
or other. His theory of course falls to the ground. 

Thus as all the attempts to decompose azote have hi- 
therto failed, we must of necessity consider it as a sim- 
ple substance. It must be acknowledged, however, 
that there are several chemical phenomena altogether 
inexplicable at present ; but which might be accounted 
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foi if it were possible to prove that azote is a compound, 
an that on^ of the component parts of water enters in- 
to ts composition. One of these phenomena is the for- 
m ion of rain, which will come under our considera- 
te in the Second Part of this Work: Another is the 
CO stant disengagement of azotic gas when ice is melt- 
ed Dr Priestley found, that when water, previously 
fr :d from air as completely as possible, is frozen, it 
er ts, when melted again, a quantity of azotic gas. He 
fr It the same water nine times without exposing it to 
th contact of air, and every time obtained nearly the 
ss It proportion of azotic gas 


SECT. IL 

OF MURIATIC ACID. 

I M^uriatic acid, the second of the simple incom- 
l stibles, may be procured by the following process; 

Let a small pneumatic trough be procured, hollowed Prepara- 

< t of a single block of wood, about 14 inches long, 1 
1 oad, and 6 deep. After it has been liollowed out to 
t e depth of an inch, leave 3 inches by way of shelf on 

< e side, and cut out the rest to the proper depth, gi- 
^ ng the inside of the bottom a circular form. Fig, 8. 

3 presents a section of this trough. Two inches 
i om each end cut a slit in the shelf to the depth 
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of an inch, and broad enough to admit the end of small 
glass tubes, or the points of small retorts. This trough 
is to be filled with mercury to the height of inch a- 
hove the surface of the shelf. Small glass jars are to 
be procured of considerable thickness and Strength, and 
•suitable to the site of the trough. One of them being 
filled with mercury by plunging it into the trough, 
is to be placed on the shelf over one of the slits. It 
ought to be supported in its position ; and the most con- 
venient method of doing that is, to have a brass cylin- 
der two inches high screwed into the edge of the trough 
just opposite to the border of the shelf. On the top of 
it is fixed two flat pieces of brass terminating each in a 
semicircle, moveable freely upon the brass cylinder, and 
forming together a brass arm terminating in a circle, the 
centre of which is just aboVe the middle of the slit in 
the shelf, when turned so as to be parallel to the edge of 
the shelf. This circle is made to embrace the jar; be- 
ing formed of two distinct pieces, its size may be increa- 
sed or diminished at pleasure, and by means of a brass 
slider it is made to catch the jar firmly. 

The apparatus being thus disposed, two or three oun- 
ces of common salt arc to be put into a small retort, 
and an equal quantity of sulphuric acid added ; the 
beak of the retort plunged below the surface of the 
mercury in the trough, and the heat of a lanip applied 
to the salt in its bottom. A violent effervescence takes 
place ; and air bubbles rush in great numbers from its 
beak, and rise to the surface of the mercury in a vi- 
sible white smoke, which has a peculiar odour. After 
allowing a number of them to escape, till it is supposed 
that the common air which previously existed in the 
retort has been displaced, plunge its beak into the slit 
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m 1 e shelf, over which the glass jar has been placed. 
Th air bubbles soon displace the mercury and fill the 
jar The gas thus obtained is called muriatic acid gas. 

his substance in a state of solution in water was 
kn vn even to the alchymists ; but in a gaseous state it 
wa first examined by Dr Priestley, in an early part of 
th? illustrious career in which be added so much to our 
kn vledge of gaseous bodies. 

. Muriatic acid gas is an invisible elastic fluid, re- 
set 3iing common air in its mechanical properties. Its 
sp ific gravity, according to the experiments of Mr 
Ki van, is 1 * 929 , that of air being 1 * 000 , at the tempe- 
ra re of 60 °, barometer 30 inches; 100 cubic inches 
of t weigh 59*8 grains. Its smell is pungent and pe- 
cu ar ; and whenever it comes in contact with common 
ai it forms with it a visible white smoke. If a little 
of t be drawn into the mouth, it is found to taste ex- 
ce ively acid ; much more so than vinegar. 

Animals are incapable of breathing it ; and when 
p] aged into, jars filled with it, they die instantaneous- 
ly n convulsions. Neither will any combustible burn 
ic t. It is remarkable, however, that it has a consi- 
d able effect upon the flame of combustible bodies ; 
£i if a burning taper be plunged into it, the flame, just 
b fore it goes out, may be observed to assume a green 
c our, and the same tinge appears the next time the 
t' ter’ is lighted 

3. If a little of the blue coloured liquid, which is ob- 
1 ned by boiling-red cabbage leaves and water in a tin 
j ssel, be let up into a jar filled with muriatic acid 
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gas, it assumes a fine red colour. This change is con- 
siderM bj chemists as a characteristic property of 
acids^ 

4 * If a little water be let up into a jar filled with this 
gas, the whole gas disappears in an instant^ the mercury 
ascends, fills the jar, and pushes .the water to the 
very top. The reason of this is, that there exists a 
strong affinity between muriatic acid gas and water ; 
and whenever they come in contact, they combine and 
form a liq^uid 5 or, which is the same thing, the water 
absorbs the gas. Hence the necessity of making expe- 
riments with this gas over mercury. In the w^ater cis^ 
tern not a particle of gas would be procured. Nay, 
the water of the trough would rush into the retort and 
fill it completely. It is this affinity between muriatic 
acid gas and water which occasions the white smoke 
that appears when the gas is mixed with common air. 
Jt absorbs the vapour of water which always exists 
in common air. The solution of muriatic acid gas in 
water is usually denominated simply muriatic acid by 
chemists. 

In this state it appears to have been known to the 
alchymists j but Glauber was the first who extracted it 
from common salt by means of sulphuric acid. It was 
first called spirit of salty afterwards marine acidy and 
BOW, pretty generally, muriatic acid^ . It is prepared 
for commercial purposes, by mixing together one part 
of common salt and seven or eight parts of clay, and 
distilling the mixture 5 or by distilling the usual pro- 
iportion of common salt and sulphuric acid, and xe** 
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ceiving the product in a receiver containing water. For 
chemical purposes it may be procured pure in the fol- 
lowing manner. 

A hundred parts of dry common salt are put into a 
glass matrass, to which there is adapted a bent glass 
tube that passes into a small Wolf’s bottle. From this 
bottle there passes also a glass tube into another larger 
bottle, containing a quantity of water equal in weight 
to the common salt employed. When the apparatus is 
properly secured by luting, 75 parts of sulphuric acid 
are poured into the common salt through a mouth of 
the matrass, furnished with a proper stopper. Heat is 
then applied. The sulphuric acid displaces the muri- 
atic acid, which passes over and is condensed in the wa- 
ter of the large bottle, while any sulphuric acid that 
may be driven over by the heat is condensed in the 
smaller bottle, and thus does not injure the /purity of the 
mpriatic acid. 

A cubic inch of water at the temperature of 60°, ba- 
rometer 29*4°^ absorbs 515 inches of muriatic acid gas, 
which is equivalent to 308 grains nearly. Hence wa- 
ter thus impregnated contains 0*548, or more than half 
iti weight of muriatic acid, in the same state of purity 
as when gaseous. I caused a current of gas to pass 
through water till it refused to absorb any more. The 
specific gravity of the acid thus obtained was 1*203. 
If we suppose that the water in this experiment absorb- 
ed as much gas as in the last, it will follow from it, 
that six parts of water, by being saturated with this 
gas, expanded so as to occupy very nearly the bulk of 11 
parts ; but in all my trials the expansion was only to 
nine parts. This would indicate a specific gravity of 
?.*477 5 yet upon actually trying water thus satura«» 
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Bbokr. iecl^ its specific gravity was only 1*203. Is this dif*- 

. / ference owing to the gas that escapes during the taking 

of the specific gravity ? 

During the absorption of the gas, the water becomes 
hot. Ice also absorbs this gas, and is at the same time 
liquefied. The quantity of this gas absorbed by water 
diminishes as the heat of the water increases, and at a 
boiling heat water will not absorb any of it. When 
water impregnated with it is heated, the gas is again 
expelled unaltered. Hence muriatic acid gas may be 
procured by heating the common muriatic acid of com- 
merce. It was by this process that Dr Priestley first 
obtained it. 

Properties. The acid thus obtained is colourless : it has a strong 
pungent smell similar to the gas, and when exposed to 
the air is constantly emitting visible white fumes. The 
muriatic acid of commerce is always of a pale yellow 
colour, owing to a small quantity of iron which it holds 
in solution. 

As muriatic acid can only be used conveniently when 
dissolved in water, it is of much consequence to know 
how much pure acid is contained in a given quantity of 
Strength. liquid muriatic acid of any particular density. Now 
the specific gravity of the strongest muriatic acid that 
can easily be procured and preserved is 1*106: it would 
be needless, therefore, to examine the purity of any 
muriatic acid of superior density, Mr Kirwan calcu- 
lated that muriatic acid, of the density of 1*196, con- 
tains 0*2528 of pure acid : then, by means of experi- 
ments, he formed the following Table^ : 


^ Nicholson’s quarto jTowr. iii. 413. My experiments, as the reader 
*wrli observe, are not reconcileablc with this table. 
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103 PuitS 

Sp. Gravity. 

Real 

Acid. 

lO© Parts 
Sp. Gravity. 

Real 

Acid. 

1*190 

25*28 

1*1282 

10*51 

1*191 

24-76 

1*1244 

15*99 

l-isi 

24-25 

1*1206 

15*43 

1*183 

23*13 

1*1168 

14*90 

I'llQ 

23-22 

1*1J20 

1 4*44 

1*175 

22*70 

1*]078 

13*93 

i-m 

22*18 

1*1036 

13*41 

1*167 

21*67 

1*0984 

12^90 

1*163 

21*15 

1*0942 

12*38 

1*159 

20*04 

1 0910 

11*86 

1*155 

20*12 

1*0868 

11*35 

1*151 

19*00 

1*0820 1 

10*83 

1*147 

19*09 

1*0784 

10*32 

1*1414 

18*57 

1*0742 

9*80 

1*1396 

18*00 

1*0630 

8*25 

1*1353 

17*54 

1*0345 

5*16 

1*1320 

17*02 

1*0169 

2*58 


11. Muriatic acid is capable of combining with oxy* Combine 
gen, and forms with it compounds which have a con- 
siderable analogy to the compounds of azote with the 
same principle. 

1. When muriatic acid is poured upon black oxide -A.nd forms^ 
of manganese, an effervescence takes place ; and by the riatic^dd ; 
assistance of heat a gas comes over, which may be re- 
ceived over rvater. Scheele, the discoverer of this gas, 
called it dephlogisticated muriatic acid ; but it is now 
knoivn by the name of oxy-muriatic acid. It has a green 
colour, a most detestable odour, and is very readily 
absorbed by water, to which it communicates its colour 
and properties. Berthollet filled a bottle with this im-. 
pregnated water, fitted a bent tube to its mouth, con- 
nected it with a water trough, and exposed it to sun- 
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shine ; the liquid gradually lost Its colour, bubbles of 
gas separated, and were collected in a jar. The gas on 
examination was found to be oxygen, and the water 
was impregnate4 with common muriatic acid. This 
experiment demonstrates, that the constituents of oxy- 
muriatic acid are oxygen and muriatic acid. By esti- 
mating the bulk of the oxygen that escaped, and the 
weight of the acid that remained, Berthollet concluded 
that oxymuriatic acid is composed of about 

89 muriatic acid 
11 oxygen 

100 

But Mr Chenevix has more lately, from an experiment 
to be described hereafter, made the proportion of oxygen 
much higher. According to him the gas is composed 
of about 

77*5 muriatic acid 
22*5 oxygen 

100*0 

2. When a current of oxymuriatic acid is passed 
through water holding potash in solution, a number of 
flat shinijig crystals are at last deposited. They were 
first obtained by Dr Higgins, but first examined and 
analysed by Berthollet. These crystals are called hyper-^ 
cxymuriate of potash* When this salt is exposed to a suf- 
ficiently strong heat, it gives more than |d its weight of 
oxygen gas : the residue is a compound of muriatic 
acid and potash. The acid in this salt, of course, con- 
tains much more oxygen than oxymuriatic acid, Ac- 
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rding to Chetievix, who has lately examined it^ the 
>nstituents are ^ 

34 muriatic acid 
C )6 oxygen 

100 

IIL The action of muriatic acid on the simple 
mhustibles has not been examined with much at- bustibles. 
iiition. 

1. Hydrogen, as far as we know at present, does not 
nite with muriatic acid. 

2. ^Carbon is not supposed to combine with it. Cliar- 
Dal has the property of absorbing it very rapidly ; but 
le change produced by the absorption has not been 
icertained. 

3. Phosphorus, according to Dr Priestley’s experi- 
lents, absorbs very little muriatic acid, 

4. Sulphur, according to Dr Priestley, imbibes it Sulphuret. 
lowly f. When a current of oxjmuriatic acid gas is 

lassed over flowers of sulphur in a glass vessel, the 
ulphur is gradually converted into a fine red liquid, 
vhich I consider as a compound of muriatic acid and 
>xide of sulphur ; and which, therefore, may be termed 


* Priestley Afr, ii. 283. He aSirms that the phosphorus smokes 
nd gives light in muriatic acid gas as in common air ; but on repeat- 
ig the experiment I perceived no such effects. Priestley’s gas, of course, 
ontained air. 

f Ibid. He says sulphur imbibed r-jth, and left a residue of 4r5th& 
jflammabic air, burning with a blu& flame. This experiment reg^iures 
epetitioii. 
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Bsofc T. sulphureted muriatic acid^. It weighs more than tripl® 

Division . 

the sulphur employe d. 

It is perfectly liquid; its colour is a fine red, interme- 
diate between scarlet and crimson. When streaks 
of it run down the inside of the phial, they appear 
green by transmitted light. Its specific gravity is 
1 * 623 . 

When exposed to air it smokes very much- It is 
very volatile, disappearing very rapidly when exposed 
to a moderate heat. 

Its smell has a strong resemblance to that of sea- 
plants, but is much stronger. ■ The eyes, when exposed 
to its fumes, are soon filled with tears, and acquire the 
same painful feeling as when exposed to the smoke ot" 
wood or peat. 

Its taste is strongly acid, hot, and bitter, alFecting thcr 
throat with a painful tickling. 

It converts vegetable blue papers to red ; but thc^ 
change takes place slowly, unless the paper be dipt 
into water; the paper is not corroded unless heat bc^ 
applied. 

If a drop of it be let fall into a glass of water, the* 


^ Berthollct Junior has lately repeated my experiments on this curioii » 
compound {Mam. D'Arauail, i. i6i.) lie endeavours to prove that 
sulphur is not in tbescate of an oxide, but that the liquor is a triple 
pound of oxygen, sulphur, and muriatic acid, and thinks that his experi-^ 
ments are inconsistent with mine, because he extracted the sulphur pur-r*^ 
and not in t^e state of an oxide. It is plain from this that he has never* 
consulted n'ly paper published In Nicholson’s Jour. vi. 104. He woulcl 
have seen that I always obtained the sulphur in the samestatc, and inferrccS 
the presence of oxygen from the formation of sulphuric acid •when- 
ever the liquid is decomposed. A fact confirmed by hia own cat.- 
peiiments, 
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ti face o£ the water becomes immediately covered with 
a ilm of sulphur ; a greenish red globule falls to the 
h to-rn^ which remains for some time like :a drop 
o oil, but at last is converted into yellow fiakes.' These 
fl ces have an acid taste, which they do not lose, though 
a :)wed to remain in water for several days; they 
a; very ductile, and continue so, though left exposed 
t< ;he air. , 

When thrown into warm nitric acid, a very violent 
c: jryescence takes place, and the. whole mixture is 
tl own, with a kind of explosion, out of the vessel. . If 
tJ : acid be cold, the effervescence is d-t first slow, but 
h it is very soon evolved, and the same effects produ- 
o 1 . When the proportion of nitric acid is great, .and 
tl sulphuret dropt in very slowly, the effervescence 
o itinues moderate ; nitrous gas and oxymuriatie gas 
b ng evolved. ‘ 

[t dissolves phosphorus cold: with great facility. No 
e jrvescence takes place ; the solution has a fine am- 
b • colour, and is permanent.* When evaporated,* the 
p Dsphorus remains behind with a little sul phur, and at 
1: t takes fire. When the solution is mixed with liquid 
j tash, the whole becomes beaudfully luminous, and 
P osplmret of sulphur is precipitated. 

A.ccording to my analysis, it is composed of 
44*00 oxide of sulphur 
'35*75 muriatic acid 
20*25. loss 
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^ See Nicholfon’s J^our. vi. 104 
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IV. We are not acquainted with any combination of 
muriatic acid and azote ; but when mixed with nitric 
acid it forms a compound possessed of very remarkable 
properties : it was formerly called aqua regia, but is 
now better known by the name of nitro-^muriatid acid* 

V. When electric explosions are made to pass through 
muriatic acid gas, its bulk is diminished, and hydrogen 
gas is evolved. At the same time, if the experiment 
be made over mercury, a quantity of muriate of mercu- 
ry is formed. These changes continue to take place 
for a limited time only j after which electricity ceases to 
produce any farther change. They are always propdt- 
tionalto the moisture of the gas, and have been shown 
by Dt Henry to be owing to the decomposition of the 
water held in solution by the gas. The oxygen of the 
water combines with part of the acid, and forms oxy- 
muriatic acid, while its hydrogen is set at liberty. Dr 
Henry has shown that 100 cubic inches of muriatic 
acid gas, after being made as dry as possible, by stand- 
ing over quicklime or other bodies which absorb mois- 
ture, still contain 1*4 grains of water in solution: but 
this water may be completely decomposed and removed 
by means of electricity. Here then is a method of de- 
priving this gas altogether of water When muriatic 
acid gas and carbureted hydrogen gas are mixed, elec- 
tricity decomposes the water, and carbonic acid and hy- 
drogen gas are evolved. After the water is completely 
decomposed, electricity produces no farther effect t* 

VI. Morveau first showed that muriatic acid, in the 
state of gas, neutralizes putrid miasmata, and by that 


^ Nicholson*? Journal, Iv. 209, 
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me lis destroys their bad effects* In 1773, the cathe» 
drj of Dijon was so infected by putrid exhalations, that 
it as deserted altogether after several unsuccessful at- 
tei Dts to purify it.. Application was made to Mr 
M, veaii, at that time professor of chemistry at Dijon^ 
to :e whether he knew any method of destroying these 
ex' ilations. Having poured two pounds of sulphuric 
aci on six pounds of common salt, contained in a glass 
ca| ule, which had been placed on a few live coals in 
the niddle of the church, he withdrew precipitately, and 
shi all the doors. The muriatic acid gas soon filled 
th( vhole cathedral, and could even be perceived at the 
do After twelve hours, the doors were thrown open, 
an( a current of air made to pass through to remove 
the jas. This destroyed completely every putrid o- 
doi ' 


[JCH ate the properties of the simple iti combustible 
bo es. Like the combustibles, their predQminant cha- 
ra( jr is their affinity for oxygen. But they unite with- 
oii the phenomena of combustion ; henee the com- 
po ids which they form with oxygen are supporters 
of ombustion. The quantity of oxygen which each is Comhlnsi" 
ca iblcof condensing does not differ nearly so much as oxy^nT 
we 3 bserve in the case of the combustibles. 

100 muriatic acid condenses 194 oxygen 
100 azote 236 oxygen 

If re judge of the affinity by the power of condensa- 
t'io : it will follow, that azote has a stronger affinity for 
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oxygcH' than muriatic acid. If the properties of the 
oxygen predominates most in those compounds in which 
the base has the least affinity for it, then, in that case, 
hyperoxy muriatic acid ought to be a better supporter of 
combustion, and to act with more energy, than nitric 
acid ; which is the case. 

Azote unites with three doses of oxygen at least, and 
forms, 

1 . Nitrous oxide 

2. Nitric oxide 


3. Nitric acid. 


Muriatic Muriatic acid unites with two, and forms, 

1- Oxy muriatic acid 

2 - Hyperoxy muriatic acid. 

The combinations of the simple incombustibles with 
the combustibles have not hitherto excited much of the 
attention of chemists. 

Analogies, to be pointed out hereafter, lead us to sup- 
pose both azote and muriatic acid to be compounds j 
but till some fortunate experiment ascertain their comw 
ponent parts, we are under the necessity of considering 
them as simple. 
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1« j^Ietals may be considered as the great instru- Properties 
merits of all oar improvements: Without them, many 
of the arts and sciences could hardly have existed. So 
sensible were the ancients of their great importance, 
that they raised those persons who first discovered the 
art of working them to the rank of deities. In che^ 
mistry, they have always filled a conspicuous station : 
at one period the whole science was confined to them ; 
and it may be said to have owed its very existence to a 
rage for making and transmuting metals. 

1. One of the most conspicuous properties of the 
metals is a particular brilliancy which they possess, 
and which has been called the metallic lustre. There are 
other bodies indeed (niica for instance) which appa- 
rently possess this peculiar lustre ; but in them it is con- 
fined to the surface, and accordingly disappears when 
they are scratched ; whereas it pervades every part of 
the metals. This lustre is occasioned by their reflect- 
ing much more light than any other bodies ; a property 
which seems to depend partly on the closeness of their 
texture. This renders them peculiarly proper for mir- 
rors, of which they always form the basis ♦ 
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Book r. 2. They are perfectly obaque, or impervious to lights 
DiVision T. after they have been reduced to very thin plates. 

Opacity. Silver leaf, for instance, of an inch thicik, does 

not permit the smallest ray of light to pass through it. 
Gold, however, when very thin, is not absolutely o« 
paqiie : for gold leaf of an inch thick, when 

held between the eye and the light, appears of a lively 
green ; and must therefore, as Newton first remarked, 
transmit the green coloured rays. It is not improbable 
that all other metals, as the same philosopher supposed, 
would also transmit light if they could be reduced to a 
suilicient degree of thinness. It is to this opacity that 
a part of the excellence of the metals, as mirrors, is 
owing ; their brilliancy alone would not qualify them 
for that purpose. 

f’u'Obility. 3. They may be melted by the application of heat, 
and even then still retain their opacity. This property 
enables us to cast them in moulds, and then to give 
them any shape we please. In this manner many ele- 
pant iron utensils are formed. Different metals differ 

o 

exceedingly from each other in their fusibility. Mer- 
cury is so very fusible, that it is always fluid at the or- 
dinary temperature of the atmosphere ; while other 
metals, as platinum, cannot be melted except by the 
most violent heat which it is possible to produce. 

AVe’gI t Their specific gravity is exceedingly various, 

more so indeed than that of any other class of bodies 
at present known. The greater number of them are 
heavier than any other known substances. This in- 
deed, till very lately, was considered as a character be- 

Davy ov the Deccmposzilon rf the FisteJ Alkalm, Tranj. 
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longing to them all. But several very singular me- 
tals, discovered hy Mr Davy, are not so heavy as 
vrater, and of course much lighter than most stony 
bodies. Platinum, the heaviest of the metals, is 23 
times heavier than water 9 while the specific gravity of 
potasium is only O-G, that of water being i. 

5- They are the best conductors of electricity of all 
the bodies hitherto tried. 

6 . None of the metals is very hard 9 but some of 
them may be hardened by art to such a degree as to 
exceed the hardness of almost ail other bodies. Hence 
tbe numerous cutting instruments which the moderns 
make of steel, and which the ancients made of a combi- 
nation of copper and tin. 

7 . The elasticity of the metals depends upon their 
hardness ; and it may be increased by the same process 
by which their hardness is increased. Thus the steel 
of which the balance- springs of watches is made i$ al- 
most perfectly elastic, though iron in its natural state 
possesses but little elasticity, 

8 . But one of their most important properties is maU 
leability^ by which is meant the capacity of being ex- 
tended and flattened when struck with a hammer. This 
property, which is peculiar to metals, enables us to give 
the metallic body any form we think proper, and thus 
renders it easy for us to convert them into the va- 
rious instruments for which we have occasion. All 
metals do not possess this property ; but it is remark- 
able that almost all those which were known to the an- 
cients have it. Heat increases this property consider- 
ably. Metals become harder and denser by being ham- 
mered. 

Another property, which is also wanting in many 
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of the metals, is ductility ; by which we mean the ca- 
pacity of being drawn out into wire by being forced 
through holes of various diameters. 

10. Ductility depends, in some measure, on another 
property which metals possess, namely tenacity ; by 
which is meant the power which a metallic wire of a 
given diameter has of resisting, without breaking, the 
action of a weight suspended from its extremity. Me- 
tals differ exceedingly from each other in their tenaci- 
ty. An iron wire, for instance, of an inch in di- 
ameter, will support, without breaking, about 500lb. 
weight ; whereas a lead wire, of the same diameter, will 
not support above 2idb. 

11. When metals are exposed to the action of. heat 
and air, most of them lose their lustre, and are gradu- 
ally converted into earthy-like powders of different co- 
lours and properties, according to the metal and the de- 
gree of heat employed. Several of them even take 
fire when exposed to a strong heat ; and after combus- 
tion the residuum is found to be the very same earthy- 
like substance. 

1. Air metals, even the few that resist the action of 
heat and air, undergo a similar change when exposed 
to acids, especially the sulphuric, the nitric, and themu- 
riatk, or a mixture of the two last. Ail metals, by 
these means, may be converted into powders, which 
have no resemblance to the metals from which they 
were obtained. These powders were formerly called 
calces j; but at present they are better known by the 
tiame of oxides. Th^y are of various colours according 
to the metal and the treatment, and are frequently ma- 
nufactured in large quantities to serve as paints. 

When these oxides are mixed with charcoal pow*> 
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[er, and heated in a crucible^ they lose their earthy ap- 
)earance, and are changed again into the metals from 
v’hich they were produced. Oil, tallow, hydrogen gas, 
.nd other combustible bodies, may be often substituted 
ibr charcoal. By this operation, which is called the 
'eduction of the oxides, the combustible is diminished, 
ind indeed undergoes the very same change as when it 
s burnt. In the language of Stahl, it loses its phlogis- 
ton ; and this induced him to conclude that metals’ are 
composed of earth and phlogiston. He was of opinion, 
Iiat there is only one primitive earth, which not only 
forms the basis of all those substances known by the 
aame of earths, but the basis also of all the metals. He 
found, however, that it was impossible to combine any 
mere earth with phlogiston ; and concluded, therefore, 
with Beecher, that there is another principle besides 
sarth and phlogiston which enters into the composition 
of the metals. To this principle Beecher gave the name 
of mercurial earthy because, according to him, it exists 
most abundantly in mercury. This principle was sup- 
posed to be very volatile, and therefore to fly oiF during 
calcination ; and some chemists even aflSrmed that it 
might be obtained in the soot of those chimneys under 
which metak have been calcined. 

A striking defect was soon perceived in this theory. 
The original metal may be again produced by heating 
Its oxide along with some other substance which con- 
tains phlogiston. Now, if the mercurial earth flies off 
during combustion, it cannot be necessary for the for- 
mation of complete metals, for they may be produced 
without it : if, on the contrary, it adheres always to the 
calx, there is no proof of its existence at all. Che- 
mists,, in consequence of these observations, found them- 


Chap. TV. 
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lyvk^n J obliged to discard the iDercurial principle altOf 

gether^ and to conclude, that metals are composed of 
earth only united to phlogiston. But if this be really 
the case, how comes it that these two substances can- 

Jmproved ^ot be united by art? Henkel was the first who at- 

by Henkel, t^jj^pted to solve this difficulty. According to him^ 
earth and phlogiston are substances of so opposite a 
natufCj that it is exceedingly difficult, or rather it has 
been hitherto impossible for us to commence their 
union ; but after it has been once begun by Nature, 
is an easy matter to complete it. No calcination has 
hitherto deprived the metals of all their phlogiston 5 
some still adheres to the calces. It is this remainder of 
phlogiston which tenders it so easy to restore them to 
their metallic state, ^ere the calcination to be con- 
tinued long enough to deprive thefn altogether of phlo- 
giston, they would be reduced to the state of other 
earths ; and then it would be equally difficult to convert 
them into metals, or, to use a chemical term, to reduce 
them- Accordingly we find, that the more completely 
a calx has been calcined, the more difficult is its re- 
duction. This explanation was favourably received. 

And Berg- But after the characteristic properties of the various 
earths had been ascertained, and the calces of metals 
were accurately examined, it was percei\"cd that the 
calces differ in many particulars from all the eafths^ 
and from one another. To call thenj all the same sub- 
stance, then, was to go much farther than either expe- 
riment or observation would warrant, or rather it was 
to declare open war against both experiment and ob- 
servation. It was concluded, therefore, that each of 
the metals is composed of a peculiar earthy, substance 
combined with phlogiston. For this great improve* 
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nt in accuracy, chemistry is chiefly indebted to Chap, 
rgman. 

But there were several phenomena of calcination 

v\ ich had all this time been unaccountably overlook- 

e . The oxides are ail considerably heavier than the 

11 :tals from which they are obtained. Boyle had ob» 

s ved this circumstance, and had ascribed it to a quan- 

ti r of which according to him became fixed in the 

11 :tal during the process But succeeding chemists 

p .d little attention to" it, or to the action of air, till Mr hf 

„ , , ^ ^ Lavoisier. 

I voisier published kis celebrated experiments on cal- 

c lation, in the memoirs of the Paris Academy for 

J 74 . He put eight ounces of tm into a large glass 

r ort, the point of which was drawn out into a very 

s nder tube to admit of easy fusion. The retort was 

h ited slowly till the tin began to melt, and then seal- 

jS hermetically. This heat was applied to expel some 

c the air from the retort ; without which precaution 

i would have expanded and burst the vessel. The 

I :ort, which w’-as capable of containing 250 cubic in- 

< es, was then weighed accurately, and placed again up- 
t the fire. The tin soon melted, and a pellicle formed 

< . its top, which was gradually converted into a grey 
] )wder, that sunk by a little agitation to the bottom of 
1 e liquid metal : in short, the tin was partly converted 
i to a C£i/x\ This process went on for three hours ; 
i ter which the calcination stopped, and no further 
i ,ange could be produced on the metal. The retort 
1 IS then taken from the fire, and found to be precisely 
f the same weight as before the operation. It is tv'u 


^ Fire and flame weighed, Shaws 'Boyk^ ii. 
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iivifiion !• 

I and that therefore the increased w^eight of the calces can» 

not, as Bojk* supposed, be owing to thefxation of fire^h 
When the point of the retort was broken, the air 
rushed in with a hissing noise, and the weight of the. 
retort was increased by ten grains. Ten grains of air, 
therefore, must have entered, and, consequently, px'e- 
cisely that quantity must have disappeared during the 
calcination. The metal and its calx being weighed, 
were fc^nd just ten grains heavier than before : there- 
fore the air which disappeared was absorbed by the 
metal ; and as that part of the tin which remained in a 
xmetaliic state was unchanged, it was evident that this 
air must have united with the calx. The increase of 
weight, then, which metals experience during calcina- 
tion, is owing to their uniting with airf. But all the 
air in the vessel was not absorbed, and yet the calcina- 
tion wotild not go on. It is not the whole, then, but 
some particular part of the air which unites with the 
calces of metals. By the subsequent discoveries of 
IViestley, Sclieele, and Lavoisier himself, it has been 


* This cxpnriipeHt had been pcrfonr.cd by Boyle with the same suc- 
cess. He h:ul drawn a wroijg concluiloii from not attending to the state 
of the air of the vessel. Hoyie^ ii. 394. 

f It is remarkabk that John R'oy, a pliysjciaii of Perigord, had ascri- 
bed it to this very cause as far back as the year 1630 : but his writings 
had excited little attention, apd had sunk into oblivion, till his opinion 
had becii incontestibly pioved by Lavoisier. Mayow abo, in the year 
^'694, ascribed the increase of weight to the combination of the inetaiswith 
oxygen. << Quippe vix concipi potest (says he), unde augmeiuum iliud 
antimonii (calcinati) nisi a particulisnitro-aereis ignei^que inter cakiiian- 
dum Fixis procedat.’* 7 ract. p. “ Plane nt antimonii fixatio non 

tarn a sulphuris ejus externi assumptione, quam particulis nitro-aereis, 
quihus fianima nitri abundat, ei in rixjs provenire vidcaiur.” i/«zV.p. ^9. 
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as irtained, that the residuum of the air, after calcina- Chap.iv. 
ti i has been performed in it, is always pure azotic gas : 

It bllows, therefore, that it is only the oxj/geri which’ 
c( rbines with calces ; and that a metallic calx is not 
a mple substance, but a compound. 

\fr Lavoisier observed, that the weight of the oxide 
w » always equal to that of the metal employed, together 
w h that of the oxygen absorbed. Hence he corn- 
el ded, that the oxide is nothing else than a combina- 
ti 1 of the metal with oxygen ; that the metals, as far 
ai we know, are simple substances ; that what Stahl Oxidescom- 
c isidered as the escape of phlogiston from metals wa^ roeTals^Ld 
ii reality, their combination with oxygen ; and that the oxygen, 
r luction of metals, instead of restoring the lost phlo- 
g ton, consisted, in fact, in the separation of oxygen by 
n ans of some combustible which has a strong afEnity 
f it. These conclusions were supported in the most 
ii ;enious and satisfactory manner. 

3. No metal can be converted into an oxide except 
s ne substance be present which contains oxygen 5 and 
c ring the oxydizement a portion of that oxygen dis- 
2 pears. 

4 . There are some metallic oxides which can be re- 
<c ced by the application of heat in close vessels. Now 
1 .lenever they are reduced in that manner they yield 

< ygen gas ; and the weight of the oxygen, together 
i th that of the metal obtained, is equal to the weight of 
t 5 original oxide. Thus when the oxide of mercury 
i heated in a retort, to which a pneumatic apparatus 
i attached, to the temperature of 1000^, it is converted 
i to pure mercury ; and, at the same time, a quantity 

< oxygen separates from it in a gaseous form. As 
t is process is performed in a close vessel, no new sub- 
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stance can enter : The oxide of mercury, then, is re- 
duced to the metallic state without phlogiston. The 
weights of the metal and the oxygen gas are together 
equal to that of the oxide ; the calx of mercury, there- 
fore, must be composed of mercury and oxygen ; con- 
sequently, there is no reason whatever to suppose that 
mercury contains phlogiston. Its calcination is merely 
the act of its uniting with oygen^. Gold, platinum, 
silver, nickel, and even lead, may be reduced in the 
same way, and with the same evolution of oxygen gas- 
To them therefore the same reasoning applies. Se- 
veral other oxides may be brought nearer the metal- 
lic state, though they cannot be completely reduced by 
heat ; and this approach is accompanied by the escape 
of oxygen gas. Manganese, zinc, and probably also iron, 
are in this predicament. 

5. All the oxides are reduced by means of combus- 
tible bodies ; and during the combustion the combustible 
unites to oxygen. This is the reason that charcoal- 
powder is so efficacious in reducing them : and if they 


^ This experiment was performed ])y Mr Bayen in 1774. Thisphilo- 
iiopher perceived, earlier than Lovoisier, that all metals did not contain 
phlogiston. “ Ces experiences (says he) vont nous detromper. Je ne 
tiendrai plus Ic langage des disciples dc Stahl, qui seront forces de restrein- 
dre la doctrine sur le phlogistique, ou d’avouer que les precipices mercu- 
rials, dontje parlc,ne sont pas des chaux metalliques, ou enfin qii’il y a 
des chaux qui peuvent se reduire sans Ic concours du phlogistique. I-es 
experiences qiie j’ai faites me force de conclurer, que dans la chaux mercu- 
liale dont je parlc, le mercurc doit son etat calcaire, non a la perte du 
ghtique qu’il n*a pas essuyc, V7ais d sa \cojubtnaison hitlme a'oec le Jluide elas- 
tiqite, dont le poids ajoute a celui du mercure est la seconde cause de 
Faug mentation de pesanteur qu’on observe dans les precipites que j’ai 
sQumis a rexamen/’ Jour, de Tbys, 1 7 74. pages 388, 
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ar mixed with it, and heated in a proper vessel fur- Chap, iv, 
ni led with a pneumatic apparatus, it will be easy to 
d: :over what passes. During the reduction, a great 
d< 1 of carbonic acid and carbonic oxide comes over. 

T ese, together with the metal, are equal to the weight 
oJ he oxide and the charcoal : they must therefore cou« 
ta i all the ingredients ; and we know that they are 
cc iposed of carbon and oxygen. During the process, 
th a, the oxygen of the oxide combines with the char- 
cc 1, and the metal remains behind. In the same man- 
III , when oxide of iron is heated sufficiently, in cen- 
ts t with hydrogen, the iron is reduced, and water 
f< rned, as was ascertained by the experiments of Dr 
P estley. 

). It cannot be doubted, therefore, that all the me- 
ta ic calces are composed of the entire metals combi- 
m [ with oxygen ; and that calcination, like combus-f 
ti 3, is merely the act of this combination. Metals, 
tl n, in the present state of chemistry, must be consider- 
e as simple substances ; for they have never yet Been 
d :ompounded. 

The words calx and calcination being evidently im- Oxide and 
p )per, because they convey false ideas, the words oxide explained, 
a 1 oxidizement which were invented by the French 
€ smists, are substituted for them- A metallic oxide 
s; nifies a metal united with oxygen j and oxidizement 
ii plies the act of that union- 


• Oxidation W!^ the word formerly used by British chemists. But 
th reasons assigned by Mr Chenevix in his RomaHs on the Chemical l\o~ 
m< laiurct page 163. have induced me to prefer the terms which lie has 
th e fcubst it u ted for ft. 
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7. Metals, then, are all capable of combining witli 
oxygen ; and this combination is sometimes accompa- 
nied by combustion and sometimes not. The new 
compounds formed are czWtdi metallic oxides^ and in some 
cases 77ietallic acids. Like the two last classes of bo- 
dies, they are capable of combining with different doses 
of oxygen, and of forming different species of oxides or 
acids. These were formerly distinguished from each 
other by their colour. One of the oxides of iron, for 
instance, was called hlach oxide, another was termed 
red oxide ; but it is now known that the same oxide is 
capable of assuming different colours according to cir- 
cumstances. The mode of naming them from their 
colour, therefore, wants precision, and is apt to mis- 
lead 5 especially as there occur different examples of 
two distinct oxides of the same metal having the same 
colour. 

As it is absolutely necessary to be able to distinguish 
the different oxides of the same metal from each other 
with perfect precision, and as the present chemical no- 
menclature is defective in this respect, I shall, till some 
better method be proposed, distinguish them from each 
other, by prefixing to the word o'xide the first syllable 
of the Greek ordinal numerals. Thus the protoxide of 
a metal will denote the metal combined with a mini- 
mum of oxygen, or the Jirst oxide which the metal is 
capable of forming ; deutoxidc will denote the second 
oxide of a metal, or the metal combined with two doses 
of oxygen.^ When a metal has combined with as 


* The same e^icplanation will apply to tritoxide (third oxide), tetoxidt 
(fourth pmioxide (fifth oxide), (sixth oxide), whenever 

they become necessary. 
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sni :h oxygen possible, I shall denote the compound 
fo] led by the Xtxm peroxide ; indicating by it, that the 
m al is thoroughly oxidized f . 

Thus we have the term, oxide to denote the combina- 
ti( . of metals with oxygen in general j the terms pro^ 
to de 2 i.ud peroxide to denote the minimum and maxi- 
m n of oxidizement 5 and the terms deutoxide^ tritoxidey 
& to denote all the intermediate states which are ca- 
ps le of being formed. 

IL Metals are capable of combining with the simple 
cc ibustibles. The compounds thus formed are deno- 
te by the simple combustible which enters into the 
c( nbination, with the termination uret added to ii, 
T us the combination of a metal with sulphur, phos- 
pi )rus, or carbon, is called the sulphuret, phosphnrety or 
cc hiret of the metal. The compounds formed by the 
ir tals with the three combustibles just mentioned are 
U! ally solid ; but when hydrogen unites with them, it 
s 1 1 retains its elastic state. These solutions of me- 
t 2 i in hydrogen have been but slightly examined. 
1 ey are usually distinguished by an epithet, indica- 
ti I the metal, prefixed to the word hydrogen. Thus 
a enical hydrogen gas means hydrogen holding arsenic 
ii solution. 


Chap. lY*. 


Comhine 
with com- 
bustibles. 


Etymologists will doubtless object to this term, that it is a hetero- 
g ecus compound of a Greek and Latin word ; but this fault, if it be 
or , has been already committed very frequently in the formation of 
cl nical terms. My object was, not to prevent the objections of ctymo- 
lo sts, but to employ a word perfectly precise, which could not mislead 
ar which was not unwieldy, nor unsuitable to the genius of the Erglish 
la 'uage. 
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IV. The simple incombustibles, as far as is known 
at present, do not combine with the metals. 

V. The metals, in general, unite very readily to one 
another, and form compounds, some of which are ex- 
tremely useful in the manufacture of instruments and 
utensils. Thus pewter is a compound of lead and tin ; 
hrass^ a compound of copper and zinc ; hell-metaly a 
compound of copper and tin. These metallic com- 
pounds are called by chemists alloysy except when one 
of the combining metals is mercury. In that case the 
compound is called an amalgam. Thus the compound 
of mercury and gold is called the a?nalgam of gold. 

VI. The metals at present known, or concluded from 
analogy to exist, amount to about 40. But 12 of these, 
newly discovered by Mr Davy, and constituting the 
bases of the alkalies and earths, are still so imperfectly 
known, or possess such peculiar properties, that I shall 
defer giving an account of them till I come to treat of 
those bodies hitherto known by the names of alkalies 
and earths. In this chapter, then, we have to consider 
the properties of 28 metals. Of these only 7 were 
known to the ancients as metals, and no fewer than 17 
have been discovered since the year 1730. Their num- 
ber has multiplied exceedingly within these few' years : 
but the more recently discovered metals, with a small 
number of exceptions, are so scarce as to be of com- 
paratively small importance. Metals may be conve- 
niently arranged under four classes : namely, i, f\:;ale- 
able metals ; 2- Brittle and easily fusiMo oietr;!:- 3. 
Brittle and difficultly fusible meials ; 4. K 
m-etals. Under which last name I woriyjro-u'/...:i >11 
those metallic bodico which a’e only knev r ; ■ - / : t 
in the state of combination ; chemis-s •'.:4 


METALS <: 1‘45 

eec ed hitherto in reducing theiri to the metallic states Cha p. IV. ^ 
Tl metals which belong to each of these heads will be 
see . from the following Table : 


L Malleable 


1. Gold. 

2. Platinum. 

3 . Silver. 

4. Mercury. 

5. Palladium. 

6. Rhodium. 

7. Iridium.' 

8. Osmium. 


9. Copper. 

10. Iron. 

11. Nickel. 

12. Nicolanum. 

13. Tin. 

14. Lead. 

15. Zinc. 


II. Brittle anb easily Fuseb 


1. Bismuth. 3- Tellurium. 

2. Antimony. 4. Arsenic. 

ill. BrITTIE Al^B BlFFICtJLTLY f USED. 


ClassiSca^ 

tion* 


1. Cobalt. 

2. Manganese. 

3. Chroniium- 


4. Molybdenum. 

5. Uranium. 

6. ' Tungsten. 


IV. Refractory. 


1 . Titanium. 3. Cerium,^ 

2. Columbium, 


The metals of the first class were formerly called 
tals by way of eminence, because they are possessed 
€ her of malleability or ductilijfy, or of both properties 
i rether : the rest were called semimetalsy because they 
s b brittle. But this distinction is now pretty general- 
i laid aside j and, as Bergman observes, it ought t6 bj 
FbL L K 
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Divis on'l altogether, as it is founded on a false hypothesis, aiwl 
' conveys very erroneous ideas to the mind. The first 
four metals were formerly called noble or perfect metals^ 
because their oxides are reducible by the mere applica- 
tion of heat 9 the rest were imperfect metals^ because 
their oxides were thought not reducible without the ad- 
dition of some combustible substance^; but this dis- 
tinction also is now very properly exploded. 

The different metals, in the order in which they have 
been enumerated, will occupy our attention in the fol- 
lowing Sections. 


* Nickel aiid lead are reducible by mere heat, and of course entitled 
to the name of noble metals also. 
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CLASS I. 

MALLEABLE METALS. 


T IE metals belonging to this Class, from their mal« 
ie jility, are of much more importance than the rest ; 
a] those known to the ancients belong to it, and five 
m re which have been discovered by the modernso 
B lides these five, I have included in this class three 
o1 er recently discovered metals ; the malleability of 
w ich has not been ascertained, but which may be in- 
fe ed, perhaps, from the great analogy which they bear 
tc :he most perfect of the malleable metals. 
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SEGT. li 


0 F G O L D- 

I. Gold seems to have, been known from the very 
beginning of the world. Its properties and its scar- 
city hate rendered it more valuable than any other 
ihetai 

©f 1- It Is of an orange red, or reddish yellow colour, 

iahd has lio perceptible taste or smell; Its lustre is con- 
siderable, yidding'only to that of platinum, steel, sil- 
ver, an^ mercury. 

2 . Its hardness Is dt t* 


* The fullest treatise on gold hitherto published is that by Dr Lewis 
in his Fhilvs'iphical Commerce of the Arts. The account of gold in Was- 
serberg*'s Instiiutlones Ckcmic^ vol. i. is, a great part of it at least, nearly 
a translation of Dr Lewis ; but it contains likewise several discoveries 
of posterior date, chiefly made by Bergman. Mr Hatchett’s Expert^ 
ments aud Observations on the Alloys^ Specific Gi'avity, and comparative vucar 
0 f Gold^ published in the Phil. Trans Aov i8oj, are of the utmost impor- 
tance, on account of the care with which they were made, and the many 
mistaken notions which they have enabled us to rectify. 

f Mr iCirwan’s method of denoting the different degrees of hardness 
by figures has been adopted in consequence of its brevity, Mr Kirwau’d 
plan will be understood from his own explanation, which is here sub- 
joined. 

3 , Denotes the hardness of chalk. 

4 , A superior hardness, but yet what yields to the nail. 

5 , What will net yield to the nail, but easily, and without gr*ittine«!3. 
to the knife. 

6, That which yields more difficultly to the knife, 

7 , That which scarcely yields to the kiiifc^ 
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Its specific gravity is 19*3^. ! . 

3. No other substance is equal to it in ductility and 

malleability. It may be beaten out into leaves so thin, 
that one grain of gold will cover 56 ^ square inches. 
These leaves are only of an inch thick. But 

the gold leaf with which silver wire is covered has on- 
ly XT that thickness- An ounce of gold upon silver 
wire is capable of being extended more than 1300 miles 
in length f. 

4. Its tenacity is considerable ; though in this respect 
it yields to iron, copper, platinum, and silver. From 
the experiments of Sickingen, it appears that a gold 
wire 0’078 inch in diameter is capable of supporting a 
weight of 150*07lbs. avoirdupois, without breaking J. 


•g, That which cannot be scraped by a knife, but does not give fire 
with steel, 

9, That which gives a few feeble sparks with steel. 

10, That which gives plentiful lively sparks. — Kirwaris Mineralag^j 
£.38. 

The same meaning, however, is not affixed here to the figuries j but a 
series of degrees of hardness is conceived, descending from gtecl to arse- 
nic, each of which is denoted by arbitrary figures. 

♦ The specific gravity of gold varies somewhat according to its state, 
that being heaviest which has been hammered , or rolled. Dr Lewis 
informs us that he found, on many different trials, the specific gravity of 
pure gold, well hammered, between 19*300 and 19*400. The specific 
gravity of one mass which he specifies was i9*37^> {^Y^^osopbual Com- 
merce of the Arts^ p. 41). Brisson found the specific gravity of another 
specimen of fine gold, Izammered, 19*361. Mr Hatohett tried gold of 8-3 
carats 2I grains, (or gold containing 1-96 of alloy) ; its specific gra- 
gravity was 19*277. 

f See Shaw’s JBoyle, i. 404, and Lewis’s PhHosofL Commerce af the Arts ^ 

p. 44- ' 

I Ann, de Chlm. ZXV. 9. 
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MALLEABLE METALS^ 

5 - It melts at 32 ° of Wedge wood’s pyrometer^’* 
When melted, it assumes a bright bluish green colour. 
It expands in the act of fusion, and consequentlj con- 
tracts while becoming solid more than most metals ; a 
circumstance which renders it less proper for casting 
into moulds t- 

It requires a very violent heat to volatilize it ; it is 
therefore, to use a chemical term, exceedingly Jixed\ 
Gasto Claveus informs us that he put an ounce of pure 
gold in an earthen vessel, into that part of a glass-house 
furnace where the glass is kept constantly melted, and 
kept it in a state of fusion for two months, yet it did 
not lose the smallest portion of its weight J. Kunkel 
relates a similar e^eperiment attended with the same re- 
sult § ; neither did gold lose any perceptible weight, 
after being exposed for some hours to’ the utmost heat 
of Mr Parker’s lens || . Homberg, however, observed, 
that when a very small portion of gold is kept in a vio- 
lent heat, part of it is volatilized This observation 
was confirmed by Macquer, Who observed the metal 
rising in fumes to the height of five or six inches, and 
attaching itself to a plate of silver, which it gilded very 
sensibly ; and Mr Lavoisier observed the very same 
thing when a piece of silver vras held over gold melted 


♦ According to the calculation «f the Dijon academicians, it melts at 
1298® Fahrmheit 5 according to Mortimer, at 1301°. 

Lewis’s Philosophical Commerce^ p. 67. 

% “ Ncc minimum de ponderc decidisse conspexi ” Gastonis Clavei 
Apologia Argyropoem et Chrysopoea adversus Tbomam Erastum^ Theatrum, 
Chcmictim, ii. 17. 

’ 5 Lewis, PhHostphkal Commerce, p. 70. 

(I Kirwan's Mineralogy, i. 

■ 1 Mem. Par. IJ 0 %, p. 147. m Eictionaire de Chimie, ii. 14S , 
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by i fire blown by oxygen gas^ which produces a much 
gr Iter heat than common air 

^fter fusion, it is capable of assuming a crystalline 
fo Tillet and Mongez obtained it in short quadran- 
gi ir pyramidal crystals. 

• Gold is not in the least altered by being kept ex- 
pc ?d to the air ; it does not even lose its lustre. Nei- 
th : has water the smallest action upon it. 

L It is capable, however, of combining with oxy- 
gc , and even of undergoing combustion in particular 
ci: umstances. The resulting compound is an oxide oj' 
^ L Gold must be raised to a very high temperature 
b< 3re it is capable of abstracting oxygen from common 
ai It may be kept red hot almost any length of 
tl] e without any such change. Homberg, however, 
ol erved, that when placed in the focus of Tschirnbaus^s 
hi ning-glass, a little of it was converted into a purple 
cc mred oxide ; and the truth of his observations were 
c< ifirined by the subsequent experiments of Macquer 
w h the very same burning-glass f. But the portion 
o: oxide formed in these trials is too small to admit of 
b( ng examined. Electricity furnishes a method of oxi- 
d: iug it in greater quantity. 

[f a narrow slip of gold leaf be put, with both ends 
h iging out a little, between two glass plates tied toge- 
tl r, and a strong electrical explosion be passed through 
it the gold leaf is missing in several places, and the 
g ss is tinged of a purple colour by the portion of the 
B tal which has been oxidized. This curious experi- 
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Klrwan’s Min, ih 





152 


MALLEABLE METALS* 


BookL 
Division L 


Fcroiidc. 


meat was first made bj Dr Franklin * ; it was cpn« 
firmed in 1773 by Camus. The reality of the oxidize- 
ment of gold by electricity was disputed by some phi- 
losophers, but it has been put beyond the reach of 
doubt by the experiments of Van Marum. When he 
made electric sparks from the powerful Teylerian ma- 
chine pass through a gold wire suspended in the air, it 
took fire, burnt with a green coloured fiame, and was 
completely dissipated in fumes, which when collected 
proved to be a purple coloured oxide of gold. This 
combustion, according to Van Marum, succeeded not 
only in common air, but also when the wire was sus- 
pended in hydrogen gas, and other gases which are not 
capable of supporting combustion. The combustion 
of gold is now easily affected by exposing gold-leaf to 
the action of the galvanic battery. I have made it 
burn with great brilliancy, and a green coloured flame, 
by exposing a gold wire to the action of a stream of 
o:j:ygen and hydrogen gas mixed together and burning. 
Now in all cases of combustion the gold is oxidized. 
We are at present acquainted with two oxides of gold ; 
the J}rotoxide has a purple ox violet, the peroxide z yellow 
colour. ’ ' 

1. Of these the peroxide is most easily procured; it is 
therefore best known. It may be procured in the fol- 
lowing manner : One part of nitric and four of muriatic 
acid arc mixed together t, and poured upon gold : an 


^ Lcwii's p. 175. This work was published in 

1763. 

f This mixture, from its property of dissolving gold, was formerly cab- 
led aqua regia (for gold, limoiig tfie akhymists, was the king of metals) ; 
it is now called miro-muriatie acid. 
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ryescence takes place, the gold is gtaduaHy dissol- 
V i, and the liquid assumes a yellow colour. It is easy* 
t< see in what manner this solution is produced. No 
r ;tal is soluble in acids till it has been reduced to the 


Chap. IV. 



s te of an oxide. There is a strong affinity between 
t 5 oxide of gold and muriatic acid. The nitric acid 
f rnishes oxygen to the gold, and the muriatic acid dis- 
£ Ives the oxide as it forms. When nitric acid is de- 


] ived of the greater part of its oxygen, it assumes a 
I seous form, and flies off in the state of nitrous gas, 
is the emission of this gas which causes the effer- 
jscence. The oxide of gold may be precipitated from 
e nitro-muriatic acid by pouring in a little potash dis- 
lived in water, or even by lime water. It subsides 
owly, and has a yellowish brown colour, and some- 
mes, indeed, approaches to black. When carefully 
''ashed and dried, it is insoluble in water and tasteless. 
Jergman found that 100 parts of gold, when treated in 
his manner, weigh 110. Were we to suppose this 
istimate correct, but Bergman himself expresses his 
loubts of its accuracy, it would follow from it, that the 
peroxide of gold is composed of about 
91 gold 


9 oxygen 


100 "^ 

When this oxide is moderately heated, it becomes pur- 
ple. A stronger heat expels the whole of the oxygen, 
and reduces it to the metallic state. 

2, The properties of iht protoxide of gold are but Protoxide. 


^ Bergman’s Opusc, ii, aox. 
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little kno^vn. It is formed when the mefkl is subject- 
ed to combustion, or to the action of electricity, and 
likewise by exposing the peroxide to the proper degree 
of heat, or even by placing it in the rays of the sun. 
Its colour is purple. Various preparations containing 
it are used in the arts. 

The oxides of gold are still but imperfectly known 5 
and all the attempts hitherto made to investigate them 
with more accuracy haye been unsuccessful. Proust, 
in a dissertation which he has recently published, en- 
deavours to show, that what has been called the purple 
oxide of gold, is in reality gold in the metallic state 
But his experiments do not appear to ipe satisfactory. 
From Proust’s experiments compare4 with some of my 
own, it Is probable that there are three oxides of gpld, 
composed respectively of 100 parts gold combined with 
S, 1(3, and 32 parts of oxygen. But from the great 
readiness with which they are decomposed and altered, 
it is extremely difficult to estimate their composition 
with precision. 

JIL Hitherto gold has been united artificially to none 
of the simple combustibles except phosphorus. Hydro- 
gen and charcoal are said to precipitate it from its solu- 
tions in the metallic state. 

1 . Sulphur, even when assisted by heat, has no ac- 
tion on it whatever ; nor is it ever found naturally 
combined with sulphur, as is the case with most of the 
other metals ; yet it can scarcely be doubted that sul- 
phur exercises some action on gold, though but a small 


^ Nicholson’s Jour, iiv. 238, and 3^4- 
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on : for an ciJkaline hydro^sulphuret^ m dropt Chap, 

^ni a solution of gold, a blaci powder falls to the bot- 
jto: , which is found tUconsist of gold and sulphur, 
m rely, as Proust informs us, in a state of mixture f 5 
ai . when potash, sulphur, and gold, are heated together, 
ai . the mixture boiled in water, a considerable portion 
or gold is dissolved, as Stahl first discovered. Three 
p rts of sulphur, and three of potash, are sufficient to 
d solve one of gold- The solution has a yellow colour- 
hen an acid is dropt Into it, the gold falls down, united 
t the sulphur in the state of a reddish powder, which 
1 comes gradually black J. From the experipients of 
] icholz, it seems to he composed of about one part of 
i Iphur to 4*5 of gold, or of about 
82 gold 
IS sulphur 

100 § 

2 . Margraf failed in his attempts to unite gold with 
hosphorus l| , but Pelletier was fortunate enough to 
ucceed by melting together in a crucible half an ounce 
f gold and an ounce of phosphoric glass H, surrounded 
vith charcoal. The phosphuret of gold thus produced 
Nzs brittle, whiter than gold, and hada crystallized ap- 
pearance. It was composed of 23 parts of gold and 

By this is understood a combination of sulphureted hydrogen and 
jn alkali.* These compounds will be described hereafter. 

• f Nicholson’s J(7«r.xiv. 241. 

$ Stahl’s Op use* Cjbym.’’FJbys -I[(Ped. p. 606, 

§ JBucholz, Beitrage xur ertvcit^rungund BericLtrgufig der Chemie^ iil, I71. 
j| Opusc. i, %, 

% Phosphoric acid evaporated to dryness, and then fused. 


Phospln:-- 

ret. 
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one of phosplxorus He formed the same cotnponn^ 
by dropping small pieces of phosphorus into gold in 
fusion f. By the application of a sufficient heat, the. 
phosphorus is dissipated and the gold remains. 

IV. Gold does not combine, as far as is known, 
with either of the simple incombustible bodies. 

V . But gold combines readily with the greater num- 
ber of the metals, and forms a variety of alloys. 

This metal is so soft that it is seldom employed in 
a state of purity. It is almost always mixed with small 
quantities of copper and silver. Goldsmiths usually 
announce the purity of the gold which they sell in the 
following manner : — Pure gold they suppose divided in- 
to 24 parts called carats. Gold of 24 carats’' means 
pure gold ; gold of 23 carats means an alloy of 23 parts 
gold, and one of some otfier metal ; gold of 22 carats 
means an alloy of 22 parts of gold, and two of another 
metal. The number of carats mentioned, specifies the 
pure gold ; and what that number wants of 24, indicates 
the quantity of alloy. Thus gold of 12 carats would 
be an alloy containing 12 parts gold, and 12 of some 
other metal. In this country the carat is divided into 
four grains; among the Germans into 2 2 ; and by the 
French it was formerly divided into 32 J. 


Ann, de Chim/i, f Ibid, xiii. Ip4i 

I l/ewis*8 J^hiUsopb, Commerce, p, i TJ, 
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SECT. II. 


OF A T I N O M. 

o LD, the metal just described, was known in the 
car est ages, and has been always in high estimation, 
on ccount of its scarcity, beauty, ductility, and inde- 
stri :tibility. But platinum, though perhaps inferior 
in : w of these qualities, and certainly far superior in 
oth rs, was unknown in Europe, as a distinct metal, be- 
for the year 1749 f. 

■ ; • - ' ~ 

J '’athcr Cortinwis, indeed, has attempted to prove that this metal 
wa he of the ancients. Seethe Chemical Annals of JBrvgnfiUlli, 

1 7< . That the electrum of the ancients was a metal, and a very valuable 
on< is evident from many of the ancient writers, particularly Homer. 
Ti following lines of Glaudian are alone sufficient to prove it : 

“ Atria cinxic ebucr, trabibus solMatur ahenis 
** Culmen ct in celsas suxgunt columnas.” I-. I. v. 164, 

iny gives xis an account of it in his ^^atural History. He informs us 
th; it was a composition of silver and gold ; and that by candle-light it 
fih( s with more splendour than silver. The ancients made cups, statue.s 
an columns of it. Now, had it been our platinum, is it not rather cxr 
trs ‘dinary that no traces of a metal, which must have been pretty abun^ 
da , should be perceptible in any part of the old continent; ? 

s the passage of Pliny contains the fullest account of electrum to be 
ft) d in any ancient author, I shall give it In his own Tyords, that ^vaxy 
or may have it in his power to judge whether or not the despriptiop. 
\v apply to the platinum of the moderns. 

Omniauro incst argentum vaiio ponderc. — Ubicunque quinta argen-. 
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Book r.^ I. It has hitherto been found only in America, in Choco 
— y—j in Peru, and in the mine of Santa Fe, near Carthagena. 
Vauquelin has lately discovered it in considerable 
quantity in the silver mines of Guadalcanal, in the pro- 
vince of Estremadura in Spain The workmen of 
the American mines must no doubt have been early 
acquainted with it ; and indeed some of its properties 
■are obscurely mentioned by solSe of the writers of the 
1(5 th century. Mr Charles Wood, assay-master in Ja- 
maica, saw it in the West Indies about the year 1741 . 
He gave some specimens of it to Dr Brownrigg, who 
presented it to the Royal Society in 1150 . In 1748 it 
was noticed by Don Antonio de Ulloa, a Spanish ma- 
thematician, who, in 1735 , had accompanied the French 
academicians to Peru in their voyage to measure a de- 
gree of the meridian. A paper on it was published by 
Mr Wood in the 44th volume of the Philosophical 
Transactions for 1749 and 1750 . Dr Lewis began a 
set of experiments on it in 1749 , the result of which 
was published in four papers in the Philosophical Tran- 
sactions for 1754 , and afterwards two other papers- were 


ti portio cst, tUdrum vocatur. Scrobescae reperiuntur in Canaliensi. Fit 
tt cura elcGtrum argento addito. Quod si quintani portionem exccssit 
incudibus non restitit. Et electro auctoritas, Homero teste, qui Menelai 
regiam aur®, electro, argento, chore fulgere tradit. Minervae templum 
habet Lindos insulae Rhodiorum in quo Helena sacravit calicexn ex elec- 
tro. — ^Electri natura est ad lusemarum luxnina clarius argento splendere.- 
Quod est nativum et vencna deprehendit. Namque discurriint in cahci- 
bus arcus ccelestibus similes cum ignco stridore, et geniina rationc 
cunt.’*— Lib. xxxiii. cap. iv. 

^ Ann, de Chlm, Ix, 317, 
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added Tli’ese e^^erimehts demonstrate its peculiar €hap. 
nature and its remarkable properties. In 1752> Schef- 
fer of Sweden published a dissertation on this metal, 
remarkable for its precision, if we consider the small 
q^uantitj of ore on which he had to work, which was 
not more than 4o grains. The experiments of Lewis 
were repeated, and many curious additions made to 
them by Margraf in 1757f, These dissertations ha- 
ving been translated into French, drew the attention of 
the chemists of that country, ;and induced Macquer and 
Baume J to make a set of experiments on platinum, 
which were soon followed by the experiments of Buf- 
fon, Tillet, and Morveau^ ; Sickengen H, Bergman^, 
Lavoisier and more lately Mussin Puschkin ff, and 
Morveau tt j several other chemists of eminence 
have added to our knowledge of this mineral. 

Crude platina comes from America in small flat 
graihs of a silvery lustre. In this state it is exceeding- 
ly impure, containing, either mechanically mixed, or 
chemically united, no less tlian nine other metals ; but 
it may be reduced nearly to a state of purity by the ' 
following process. Dissolve the grains iii diluted nitro- Piirific2- 
muriatic acid with as little heat as possible. Decant 
the solution from the black matter which resists the ac- 
tion of the acid. Drop into it a solution of sal ammo- 


ThU, T’fans, xlviii. 638, and 1 . 148. See also PbiL Com. p, i|43, for a 
full detail of all the experiments on this metal m;ide before 1763. 
f Mem. Berliftf 1757, P* 31 * ^^d Margrafs Oj)ujc, ii. 
t M(m. Par. X758, p. 11*9. § de PI>ys. iii. 3x4, 

II Macquer^s Dictionary. ^ Dpusc. ii. 166. 

Ann. de CSim. v. 127^ xxiv. 2Q^. 

IM XXV. 
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Book I. fiiac An oranse yellow-coloured precipitate fall^ id' 
the bottom. Wash this precipitate; and when dry^- 
expose it to a heat slowly raised to redness in a porce- 
lain crucible. The powder which remains is platinum 
nearly pure. By redissolving it in nitro-muriatie acid^ 
and repeating the whole process^, it may be made still 
purer. When these grains are wrapt up in a thin plate 
of platinum, heated to redness, and cautiously hammer- 
ed, they unite, and the whole may be formed into an 
ingot t* 

properties. i. Platinum, thus obtained, is of a white colour like 
silver, but not so bright ‘J, It has no taste nor smell. 

2. Its hardness is Its specific gravity, after being 
hammered, is 2 3’ 000 ; so that it is by far the heaviest 
body known § . 

3 . It is exceedingly ductile and malleable ; it may 

be hammered out into very thin plates, and drawn into 
wires not exceeding diameter. In these 


^ This salt will be described afterwards, It is a combination of /war/* 
aifc acid and ammonia, 
f Phil. Mag. xxi. 1 75. 

t To this colour it owes its name. Plata^ in Spanish, is*' silver and' 
j^laitna^ ** little silver,” was the name first given to the metal. Bergman 
changed that name into platinum^ that the Latin names of all the metafe 
snight have the same termination and gender. It had 'been, however, 
called platinum by Linnseus long before. 

5 Kirwan's Miner, ii. 103. Autliors dijfiPcr considerably in their csti» 
mate of the specific gravity of this metal. Lewis did not obtain it hea« 
vicr than gold ; but his trials were made on impure specimens. Schef- 
fer, from the specific gravity of the alloys made by Lewis, calculated the 
specific gravity of platinum at ar ; but this theory was erroneous. Sick-' 
ingen found it 21 *061. I have a crucible whose specific gravity at first 
was near 22. , Chabanau found the specific gravity of pure hammered’ 
'■'platinum no less than 24. 
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properties it is probably inferior to gold^ but it seems 
to surpass all the other metals. 

4. Its tenacity is such, that a wire of platinum 0*0 78 
inch in diameter is capable of supporting a weight of 
274*31 lbs avoirdupois without breaking^. 

5. It is one of the most infusible of all metals, and 
cannot be melted in any quantity at least, by the strongs 
est artificial heat which can be produced. Macquer and 
Baume melted small particles of it by means of a 
blow- pipe, and Lavoisier by exposing them on red hot 
charcoal to a stream of oxygen gas* It may indeed be 
melted without difficulty when combined or mijced with 
other bodies, but then it is not in a state of purity. 

Pieces of platinum, when heated to whiteness, may be 
welded together by hammering in the same manner as 
hot iron. 

6. This metal is not in the smallest degree altered 
by the action of air or water* 

IL It cannot be combined with oxygen and convert- Oxide®* 
ed into an oxide by the strongest artificial heat of our 
furnaces. Platinum, indeed, in the State in which it is 
brought from America^ may be partially oxidized by 
exposure to a violent heat, as numerous experiments 
have proved ; but In that state it is not pure, hut com- 
bined with a quantity of iron. It cannot be doubted, 
howeverj that if we could subject it to a sufficient heat, 
platinum would burn, and be oxidized like other me- 
tals : For when Van Marum exposed a wire of plati- 
num. to the action of his powerful electrical machine^ 
it burnt with a faint white flame, and was dissipated in- < 


^ Cldm. xxv. 7. 
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Peroxide. 


to a species of dust, which proved to be the oxide of 
platinum. By putting a platinum wire into the flame 
produced bj the combustion of hydrogen gas mixed 
with oxygen, I caused it to burn with all the brilliancy 
of iron wire, and to emit sparks in abundance. 

,1. To obtain the oxides of this metal, it is necessary 
to have recourse to the action of an acid. When the 
deep brown solution of platinum in nitro- muriatic acid 
is treated with lime water, a yellowish-brown powder, 
falls. Dissolve this powder in nitric acid ; evaporate 
to dryness, and apply a heat sufficient to drive off the 
acid. The brown powder which remains is the per- 
oxide of platinum. It k tasteless and insoluble in wa- 
ter. When heated to redness, the oxygen is driven off, 
and the oxide reduced to the metallic state. One hun- 
dred and fifteen parts of oxide, by this treatment, leave 
100 parts of metal. Hence the oxide is composed of 

87 platinum 

13 oxygen 


100 

Protoxide. experiment be very cautiously 

raised, the oxide, before it is reduced, assumes a green 
colour. This change is occasioned by the separation of 
a portion of the oxygen. The green-coloured powder 
is, according to Chenevix, a protoxide of platinum. 
From his experiments, we learn that it is composed of 
93 platinum 
7 oxygen 

loot 


f ' ZJjV, 


^ Chenevix on Palladium, PH/. Trartt. 1803, 
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III. The actioa of the simple comhustlbles on this IV. 

metal is not more remarkable than their action on gold. 

1. Neither hjdrogeh nor carbon^ have been hitherto 
combined with it. 

2. Phosphorus unites without difficulty, and forms a 
phosphuret. By mixing together an ounce of platinum, 
an ounce of phosphoric glass, and a dram of powdered 
charcoal, and applying a heat of about 32° Wedge- 
wood, Mr Pelletier formed k phosphuret weighing more 
than an ounce* It Was partly in the form of a button; 
and partly in cubic crystals. It was covered above by 
a blackish glass. It was of a silver white colour, very 
brittle, and hard enough to strike lire with steel. When 
exposed to a fire strong enough to melt it, the phospho- 
rus was disengaged, and burnt on the surface He 
found also, that when phosphorus was projected on red 
hot platinum, the metal instantly fused and formed a 
phosphuret. As beat expels the phosphorus, Mr Pel- 
letier has proposed this as an easy method of purifying 
platinum f. 

3. Platinum cannot be made to unite to sulphur by Stilplinfec. 
heating them together}:. In this respect it resembles 

gold. Yet th^re seems to be an affinity between the 
two i^ubstances ; for when the metal is heated with a 
mixture of potash and sulphur, it is corroded and ren- 
dered partly soluble in water, as was proved by the 
experiments of Lewis § and Margraf [| - And when 
sulphureted hydrogen gas is passed into a solution of 
platinum in an acid, the metal is thrown down in dark 


* Ann, de Chim. 1. 71. -f IBid. xHl. 105^ 

I Lewis, FJjiL Com. p. 498. § Uid, p. 499, 

H Qjfuse. iL 2S4. 

t 
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brown flakes, apparently in combination with sulphur^ 
Indeed, if we believe Mr Proust, a sulphuret of this 
metal occurs sometimes mixed with native platina 

IV. Platinum, as far as is known, does not combine 
with the simple incombustibles. 

V. It combines with most of the metals and forms 
alloys, which were first examined by Dr Lewis. 

1. Dr Lewis found that gold united with platinum 
when they w^ere melted together in a strong heat. He 
employed only crude platina; but Vauqnelin, Hatchett, 
and Klaproth, have since examined the properties of the 
alloy of pure platinum and gold f. To form the alloy, 
it is necessary to fuse the metals with a strong heat, 
otherwise the platinum is only dispersed through the 
gold. When gold is alloyed with this metal, its co- 
lour is remarkably injured ; the alloy having the ap- 
pearance of bell metal, or rather of tarnished silver. 
Dr Lewis found, that when the platinum amounted only 
to the alloy had nothing of the colour of gold; 
even one forty-second part of platinum greatly injured 
the colour of the gold. The alloy formed by Mr 
Hatchett of nearly eleven parts of gold to one of pla- 
tinum, had the colour of tarnished silver. It was very 
ductile and elastic. From Klaproth w^e learn, that if 
the platinum exceed ^V^li of the gold, the colour of the 
alloy is much paler than gold ; but if it be under ^fth, 
the colour of the gold is not sensibly altered. Neither 


^ Ann. ii£ Chim. xxxviil. 149. It is not unlikely that this ingenious 
ciiemist took for a sulphuret of platinum some one of the numerous me- 
tallic bodies that have been lately discovered in crude platina. 

f Vauquelin, Mamid de VEssayeur^ p. 44. — Hatchett on the Alloys of 
Goldj &c. Phil. Trans. 1S03.— i^iaproth, Journal d< Chtmie^ Iv. 29, 
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is there any alteration in the ductility of the gold. Chap, iv. 
Platinum may be alloyed with a considerable propor- 
tion of gold without sensibly altering its colour. Thus 
an alloy of one part of platinum with four parts of 
gold can scarcely be distinguished in appearance from 
pure platinum. The colour of gold does not become 
predominant till it constitutes eight-ninths of the al- 
loy 

From these facts it follows, that gold cannot be al- 
loyed with -Y^h of its weight of platinum, without ea- 
sily detecting the fraud by the debasement of the co- 
lour ; and Vauquelin has shown, that when the plati- 
num does not exceed ^V^h, it may be completely sepa- 
rated from gold by rolling out the alloy into thin plates, 
and digesting it in nitric acid. The platinum is taken 
up by the acid while the gold remains. But if the 
quantity of platinum exceeds -i%th, it cannot be separa- 
ted completely by that method f. 


SECT. III. 


OF SILVER. 


I. Silver seems to have been known almost as early 
as gold. 

1. It is a metal of a fine white colour with a shade 
of yellow, without either taste or smell 5 and in point 


Properties. 


^ Klaproth, Journal de Chlmie^ iv, 2^. 
t ISJatiuel de V Essayeur^ p. 48. 
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of brilliancy is perhaps inferior to none of the metallic 
bodies, if we except polished steel. 

2. Its hardness is 7. When melted, its specific gra-* 
vity is 10*4'74 ^ ; when hammered, 10*510 1* 

3. In malleability it is inferior to none of the me- 

tals, if we except gold. It may be beat out into 
leaves only inch thick. Its ductility is equally 

remarkable ; it may be drawn out into a wire much 
finer than a human hair ; so fine indeed, that a single 
grain of silver may be extended about 400 feet in 
length. 

4. Its tenacity is such, that a wire of silver 0*07$ 
inch in diameter is capable of supporting a weight of 
187‘13lbs avoirdupois without breaking t* 

5. Silver melts when it is heated completely red 
hot ; and while melted its brilliancy is much increa- 
sed. According to the calculation of Mortimer and 
Bergman, its fusing point is 1000° of Fahrenheit. Dr 
Kennedy ascertained, that the temperature at which it 
melts corresponds to 22° of Wedge wood’s pyrometer 
If the heat be increased after the silver is melted, the 
liquid metal boils, and may be volatilized j but a very 


* Brisson and Hatchett. Fahrenheit found it iO’48r. (P/jiL T/\ut;s, 
1724, vol. xxxiii. p. 114.) I found pure silver rucked and slowly cooled 
of the specific gravity 10*3946 ; when hammered it became 
when rolled out into a plate it became I0’48i2. Nicholson’s Jor/r> xiv. 

397. 

f According to Brisson. Muschenbroeck found the specific gravity of 
hammered silver 10*500. Dr Lewis makes it no less than 10-980. (Fh'L 
Cem. p. 549.) 

$ A»n. de Chim, XXV. 9. 

§ James Hall, ISlichdsords Jour* ix. 99. 
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Strong and long- continued heat is necessary. Gasto 
Claveus kept an ounce of silver melted in a glass-house 
furnace for two months, and found, by weighing it, 
that it had sustained a loss of ~ of its weight 

When cooled slowly, its surface exhibits the appear- 
ance of crystals ; and if the liquid part of the metal be 
poured out as soon as the surface congeals, pretty large 
crystals of silver may be obtained. By this method 
Tillet, and Mongez junior, obtained it in four-sided 
pyramids, both insulated and ingroups. 

II. Silver is not oxidized by exposure to the air : 
it gradually indeed loses its lustre, and becomes tar- 
nished; but this isowing to a different cause. Nei- 
ther is it altered by being kept under water. But if it 
be kept for a long time melted in an open vessel, it 
gradually attracts oxygen from the atmosphere, and 
is converted into an oxide. This experiment was first 
made by Junker, who converted a quantity of silver into 
a vitriform oxide It was afterwards confirmed by Mac- 
quer and Darcet. Macquer, by exposing silver 20 
times successively to the heat of a porcelain furnace, 
obtained b. glass % of an olive green colour §. Nay, if 
the heat be sufficient, the silver even takes fire, and 
burns like other combustible bodies. Van Marum 
made electric sparks from his powerful Teylerian ma- 
chine pass through a silver wire ; the wire exhibited a 


Chap. IV 


Oxides. 


Theatrum Chem» ii. 17. 
f Junker’s Conspectus Chem, i. 887. 

^ Metallic oxides, after fusion, are called because they acquire a 
good deal of resemblance, in some particulars, to common gl3s«-® 

J Macquer’? i). 571 . 
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BookL greenish white flame, and was dissipated into srncke« 
Before a stream of oxygen and hydrogen gas, it: 
burns rapidly with a light green flame. By means 
of the galvanic battery it may be burnt with great 
brilliancy. 

The oxide of silver, obtained by means of heat, is of 
a greenish or olive colour. When silver is dissolved 
in nitric acid, and precipitated by lime w'ater, it falls 
to the bottom under the form of a powder of a 
dark olive brown colour. From the experiments of 
Klaproth we learn, that this oxide is composed of 1,00 
parts of silver united to 12*8 of oxygen or cent. 
of about 

89 silver 
11 oxygen 


100 

which diflers but little from the previous statements of 
Eergmanf and Wenzel. But Proust, from an experi- 
ment, which how’ever he thinks requires repetition, 
considers this oxide as a compound of 100 silver and 
s y|. oxygen f. This oxide is tasteless and insoluble in 
water. When exposed to the light, part of its oxygen 
is separated, as Scheele first ascertained, and it is con- 
verted into a black powder, which contains but a very 
small portion of oxygen, and may be considered as sil- 
ver reduced. By exposing the solution of silver in ni- 
tric acid to sunshine, the silver precipitates in the form 
of a flea-brown powder. 


Beitrage, iii. 199. 

I Hicholsoii’s 7 wr. xv. 375. 


f 0 /iust;. Hi 391, 
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The oxide now described, a& far as we know at pre- 
sent, is the peroxide of silver ; the protoxide, as Proust 
has discovered, may be formed by dissolving silver in 
nitric acid, and heating the solution in contact with a 
portion of the metal in the state of powder. Its colour 
resembles that of the peroxide ; but its combination 
with nitric acid is much more soluble 

III. Neither carbon nor hydrogen have been com- 
bined with silver ; but it combines readily with sulphur 
and phosphorus. 

' 1 . When thin plates of silver and sulphur are laid al- 

ternately above each other in a crucible, they melt rea- 
dily in a low red heat, and form szilphiiret of silver. It 
is of a black or very deep violet colour ; capable of 
being cut with a knife } often crystallized in small 
needles ; and much more fusible than silver. If suf- 
ficient heat be applied, the sulphur is slowly volatilized, 
and the metal remains behind in a state of purity. This 
compound frequently occurs native. It has a dark 
grey colour, a metallic lustre, and the softness, flexibi- 
lity, and malleability of lead. Its specific gravity is 
about 7*2. According to the analysis of Klaproth, it is 
composed of 

85 silver 

15 sulphur 


Chap IV. 


Combina- 
tion with 
cnmbusti-- . 
bles. 

Sulphur ec. 


100 t 

Hence 100 parts of silver unite with about 17*6 parts 
of sulphur f. 


*5^ Nicholson’s Jour, xv. 376. f Bcltrage,h l6a. 

^ Jn Wenzel’s trials, 100 parts of silver took up only 14*7 parts of sul- 
phur. But probably the heat was too great. VeruuandUchaJty p, 

Grin del’s edition. 
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itt. 


Alloys 


With gold, 


It is well known that when silver is long exposed to 
the air, especiallj in frequented places, as churches, 
theatres, &c. it acquires a covering of a violet colour, 
which deprives it of its lustre and malleability. This 
covering, which forms a thin layer, can only be detach- 
ed from the silver by bending it, or breaking it in pieces 
with a hammer. It was examined by Mr Proust, and 
found to be sulphuret of silver 

2* Silver was first combined with phosphorus by Mr 
Pelletier. If one ounce of silver, one ounce of phospho- 
ric glass, and two drams of charcoal, be mixed together, 
and heated in a Qxxxcihley phosphuret .of silver is form- 
ed. It is of a white colour, and appears granulated, or 
us it were crystallized. It breaks under the hammer, 
but may be cut with a knife. It is composed of four 
parts of silver and one of phosphorus. Heat decom- 
poses it by separating the phosphorus f. Pelletier has 
observed that silver in fusion is capable of combining 
with more phosphorus than solid silver ; for when 
phosphuret of silver is formed by projecting phospho- 
rus into melted silver, aft^r the crucible Is taken from 
the fire, a quantity of phosphorus is emitted the mo- 
ment the metal congeals j:. 

IV. Silver does not combine with the simple incom- 
bustibles. 

V. Silver combines readily with the greater number 
of metallic bodies. 

1. When silver and gold are kept melted together, 
they combine, and form an alloy composed, as Homfierg 


^ Ann, de Clim. i. 14a, 

J Ann.de Chim. xiii. Iio. 


f Pelletier, Ann, dt Chim. 1. 73. 
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ascertained, of one part of silver and five of gold. He Chap, iv, 
kept equal parts of gold and silver in gentle fusion for 
a quarter of an hour, and found, on breaking the crucl« 
ble, two masses, the uppermost of which was pure sil- 
ver, the undermost the whole gold combined with of 
silver. Silver, however, may be melted with gold in 
almost any proportion ; and if the proper precau- 
tions be employed, the two metals remain combined 
together. 

The alloy of gold and silver is harder and more so- 
norous than gold. Its hardness is a maximum when 
the alloy contains two parts of gold and one of silver 
The density of these metals is a little diminished f, and 
the colour of the gold is much altered, even when the 
proportion of the silver is small ; one part of silver pro- 
duces a sensible w^hiteness in twenty parts of gold. 

The colour is not only pale, but it has also a very sen- 
sible greenish tinge, as if the light reflected by the sil- 
ver passed through a very thin covering of gold. This 
alloy, being more fusible than gold, is employed to sol- 
der pieces of that metal together. 

2. When silver and platinum are fused together (for with plad-.. 
which a very strong heat is necessary), they form a 
jnixture, not so ductile as silver, but harder and less 
white* The two metals are separated by keeping them 
for some time in the state of fusion ; the platinum 
sinking to the bottom from its weight. This circum- 
stance would induce one to suppose that there is very 
little affinity between them. Indeed Dr Lewis found, 
that when the two metals were melted together, they 


# Muschenbroeck. 


I HatchctL 
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sputtered up as if there were a kind of repugnance be- 
tween them. The difEcultj of uniting them was no- 
ticed also by Scheffer 


SECT. IV. 

OF MERCURY. 

I. Mercury, called also qjjicksilver, was kimwn in 
the remotest ages, and seems to have been employed by 
the ancients in gilding and in separating gold from other 
bodies just as it is by the moderns. 

1. Its colour is white and similar to that of silver; 
hence the names hydrargyrum^ argenttim mvum, quich- 
siher, by which it has been known in all ages. It has 
no taste nor smell. It possesses a good deal of brillian- 
cy: and when its surface is not tarnished, makes a very 
good mirror. 

2. Its specific gravity is 13*508 f . 

When in a solid state its density is increased ; its 
specific gravity, according to the experiments of Schulz, 


^ Lewis’s Philosophy Commerce^ p. jaz. 

I Cavendish and Brisson/ The specific gravity varies considerably 
like that of all other metals. Fahrenheit found it 13*575. (Phil Trans. 
1724. vol. xxxiii. 1 jl 4,) Mr Biddle found it 13*613 at the temperature 
of 50®. (Phil. Mag, XXX. 134). 
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being 14 * 391 ^, according to the experiments of Mr 
Biddle 14*465 t* 

3. At the common temperature of the atmosphere it 
is always in a state of fluidity. In this respect it dif- 
fers from all other metals. But it becomes solid when 
exposed to a sufficient degree of cold. The tempera- 
ture necessary for freezing this metal is — 39®, as was 
ascertained by the experiments of Mr Hutchins J at 
Hudson’s Bay. The congelation of mercury was acci- 
dentally discovered by Professor Braun at Petersburgh in 
1759. Taking the advantage of a very severe frost, 
he plunged a thermometer into a mixture of snow 
and salt, in order to ascertain the degree of cold there- 
by produced. Observing the mercury stationary, even 
after it was removed from the mixture, he broke the 
bulb of the thermometer, and found the metal frozen in- 
to a solid mass. This experiment has been repeated 
very often since, especially in Britain J. Mercury Con- 
tracts considerably at the instant of freezing 5 a circum- 
stance which misled the philosophers who first witnes- 
sed its congela:tion. The mercury in their thermome- 
ters sunk so much before it froze, that they thought 
the cold to which it had been exposed much greater 
than it really was. It was in consequence of the 
rules laid down by Mr Cavendish, that Mr Hutchins 


Chap. IV. 


Point of 
congela- 
tion. 


Gchku’s Jour, iv. 434. f Phil. Mag. xxx. t 34. 

I Pi'l/. Trans, 1783, p. 303. See also Mr Cavendish’s observations oh 
Mr Hutchin’s experiments in the same volume of the Transactions. 

§ The method of performing this experiment will be described in the 
Sijcond Division of the first part of this Work. 
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was enabled to ascertain the real freezing point of the 
metal. 

4. Solid mercurjr may be subjected to the blows of a 
hammer, and may be; extended without breaking. It is 
therefore malleable ; but neither the degree of its mal- 
leability, nor its ductility, nor its tenacity, have been 
ascertained. 

Mercury boils when heated to 656*^*. It may 
therefore be totally evaporated, or distilled from one 
vessel into another. It is by distillation that mercury 
is purified from various metallic bodies with which 
it is often contaminated. The vapour of mercury 
is invisible and elastic like common air : like air, 
too, Its elasticity is indefinitely increased by heat, 
so that it breaks through the strongest vessel. GeofF- 
roy, at the desire of an alchymist, inclosed a quan-- 
tity of it In an iron globe strongly secured by iron 
hoops, and put the apparatus into a furnace. Soon 
after the globe became red hot, it burst with all the 
violence of a bomb, and the whole of the mercury was 
dissipated f . 

IJ. Mercury is not altered by being kept under wa- 
ter. When exposed to the air, its surface is gradually 
tarnished, and covered with a black powder, owing to 
its combining with the oxygen of the atmosphere. But 
this change goes on very slowly, unless the mercury be 
either heated or agitated, by shaking it, for instance, in 
a large bottle full of air. By either of these processes 


Crichton, FluL Ma^^xiv. 4p, 


f Macquer’s Ckmjsi}-y^ 
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the metal is converted into an oxide : by the last, into 
a black coloured oxide ; and by the firsts into a red 
Coloured oxide. This metal does not seem to be capable 
of combustion 5 at least no method which I have hither- 
to tried to burn it has succeeded. It is the only metal 
I have hitherto had an opportunity of examining which 
may not, by peculiar management, be made to burn* 

The oxides of mercury at present known are four in 
number. 

1 . The protoxide was first described with accuracy Protoxide, 
by Boerhaave. He formed it by putting a little mer- 
cury into a bottle, and tying it to the spoke of a mill- 
wkeel*. By the constant agitation which it thus under- 
went, it was converted into a black powder, to which 
he gave the name of ethiops per se* It is a black poxv- 
der without any of the metallic lustre, has a coppery 
taste, and is insoluble in water. According to the ex- 
periments of Fourcroy, it is composed of 96 parts of 
mercury and four of oxygen f. According to Messrs 
Braamcamp and Siquiera-Oliva, it is composed of 
92*5 mercury and I* 5 oxygen J. When this oxide is 
exposed to a strong heat, oxygen gas is emitted, and the 
mercury reduced to the metallic state. In a more mo- 
derate heat it'eombines with an additional dose of oxy- 
gen, and assumes a red colour. 

This black oxide may be procured by shaking pore 


This experiment was first made by Homberg in 1699. He at- 
tached a bottle holding some mercury to the clapper of a mill, Mar- 
fyn*S Abridg. of the par. Mem. vol. i. 
f Jour, de Mhes^ An. X. p. 7^83, 


t Ann, ik Chim. iiv, 1 20, 
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^liercilrjr in oxjgen gas or common air, or by triturating 
it with water 

2. When mercury is dissolved in nitric acid without 
the assistance of heat, and the acid is made to take up 
as much mercury as possible, it has been ascertained 
by the experiments of Mr Chenevix, that an oxide is 
formed, composed of 89*3 mercury and 10*7 oxygent** 
In this case, 100 parts of mercury unite with about 12 
of oxygen. This oxide cannot be separated completei- 
ly from the acid which holds it in solution without im-» 
defgoing a change in its composition ; of course we 
are at present ignorant of its colour and other properties. 
Indeed it is believed by many to be the same with the 
black oxide just described under the name oi protoxide ; 
but as this has not been proved, and as experiments 
have given a dilFcrent proportion of oxygen for each, 
it would be improper at present to confound them to- 
gether. Besides,. during the formation of the red oxide 
of mercury by heat, three stages may be observed ; 
The metal first assumes the form of a black powdery 
this powder becomes afterwards and at last red. 

The yellow powder may be the very oxide which is 
formed by niti'ic acid in the above process. 

3. When mercury, or its protoxide, is exposed to a 
heat of about 600^, it combines with additional oxy- 
gen, assumes a red colour, and is converted into an ox- 
ide, which, in the present state of our knowledge, we 
must consider as a tritoxide. This oxide -may be form- 
ed two different ways : 1. By putting a little mercury 


♦ See Wasaerberg’s Instltutiones ChmU. ii. 
f Phil. Trans. iSoa. 
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into a flat-bottomed glass bottle or matrass, the neck of Chap, iv.^ 
■which is drawn out into a very narrow tube, putting 
the matrass into a sand bath, and keeping it constantly 
at the boiling point. The height of the matrass, and 
the smallness of its mouth, prevents the mercury from 
making its escape, while it affords free access to the air. 

The surface of the mercury becomes gradually black, 
and then red, by combining with the oxygen of the air: 
and at the end of several weeks, the whole is converted 
into a red powder, or rather into small crystals of a 
very deep red colour. The oxide, when thus obtain- 
ed, was formerly called precipitate per se, 2. When 
mercury is dissolved in nitric acid, evaporated to dry- 
ness, and then exposed to a graduated heat, it assumes 
a brilliant scarlet colour. The powder thus obtained 
xvas formerly called red precipitate^ and possesses ex- 
actly the properties of the oxide obtained by the for- 
mer process*. 

This oxide has an acrid and disagreeable taste, pos- 
sesses poisonous qualities, and acts as an escharotic 
when applied to any part of the skin. It is somewhat 
soluble in water. When triturated with mercury, it 
gives out part of its oxygen, and the mixture assumes 
various colours according to the proportion of the in- 
gredients. When heated along with zinc or tin filings, 
it sets these metals on fire. According to Fourcroy, it 
is composed of 92 parts of mercury and eight of 
oxygen f. But the analysis of Mr Chenevix, to be 


See a description of the method of manufacturing this oxidCj by 
Paysse, Antude Chimm li. 202. 
f Jour» de AXines^ An-, X. p, 28.',. 

VoL /. 


M 
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described hereafter, gives, for the proportion of its 
component parts, 85 parts of mercury and 15 parts of 
oxygen. Messrs Braamcamp and Siquiera-Oliva, on 
the other hand, found it a compound of 90 mercury 
and 10 oxygen'^'. 

4. When a current of oxymnrlatic gas is passed 
through water in which there is red oxide of mercury, 
the oxide gradually assumes a dark brown colour, and 
a portion of it is dissolved.. This brown powder re- 
tains the form and ciTStalline appearance of the red 
oxide. It dissolves in nitric acid without effervescence ; 
with muriatic acid it forms the very same compound as 
the red oxiile ; and from both it is thrown down in the 
state of a yellow powder by potash, as is the case with 
the red oxide when similarly dissolved. We have 
therefore no proof, except the new colour, to lead us to 
suppose that the brown powder is a different oxide from 
tlie red. Mr Chenevix, however, to whorti wc are in- 
debted for all these facts, is rather inclined to consider 
them as distinct*!'. But Messrs Braamcamp and Si- 
quiera-Oiiva have renucjied it extremely imobable, that 
the dark colour is owing merely to the presence of a 
1 ‘ortion of muriatic acid, and not to any diiierence in 
the state of oxldlzement:j:. 

HI. Mercury does not combine with carbon nor hy- 
drogen ; but it unites readily with sulphur and with 
phosphorus. 

I, When two parts of sulphur and one of mercury 
are triturated together in a mortar, the rnerciuy gradually 


dtf Cl'IvJ. liv, 


f FLiL Trans:, 
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disappears, and the whole assumes the forni of a black Chap. IV. 
powder, formerly called ethiops mineral. It is scarcely 
possible by this process to combine the sulphur and 
mercury so completely, that small globules of the me- 
tal may not be detected by a microscope. When mer- 
cury is added slowly to its own weight of melted sul- 
phur, and the mixture is constantly stirred, the same 
bla!ck compound is fprmed. 

When this substance is heated, part of the sulphur is 
dissipated, and the compound assumes a deep violet co- 
lour. 

Fourcroy had sug*gested, that in this compound the 
mercury is in the state of black oxide, absorbing the 
necessary portion of oxygen from the atmosphere du- 
ring its combination with the sulphur^'. But the late 
experiments of Proust have shown that this is not the 
casef. BerthoUet had conjectured that ij; contains sul- 
phurated hydrogen ; but Seguin has ascertained that 
this opinion is not well founded J. Ethiops mineral, 
tlieu, is merely a sulphuret of mercury. The union 
is probably less intimate, and the proportion of sulphur 
greater, than in red sulphuret of mercury. 

2. When ethiops mineral is heated red hot, it sub- Red 
limes ; and if a proper vessel be placed to receive it, a 
cake is obtained of a fine red colour. This cake was 
formerly called cinnabar ,* and wj^hen reduced to a fine 
powder, is well known in commerce under the name of 


^ Fourcroy, v. 298. 

I ii. 43E. 


f your, de Ph^s, liii. 9s* 
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D€r7?iilio7Z It has been hitherto supposed a compound 
of the oxide of mercury and sulphur. But the expert- 
meots of Proust have demonstrated that the mercury 
which it contains is in the metallic state. According 
to that very accurate chemist, it is composed of 85 parts 
of mercury, and 15 of sulphur f. It is therefore a suU 
phurct of mercury. 

This sulphuret of mercury has a scarlet colour, more 
or less beautiful, according to the mode of preparing it. 
Its specific gravity is about 10. It is tasteless, inso- 
luble in WLater, and in muriatic acid, and not altered by 
exposure to the air. When heated sulEciently, it takes 
fire, and burns with a blue flame. When mixed with 
half its weight of iron filings, and distilled in a stone 
ware retort, the sulphur combines with the iron, and 
the mercury passes into the receiver, w^hich ought to 
contain water. By this process mercury may be ob- 
tained in a state of purity. The use of this sulphuret 
of mercury as a* paint is well known J. 

Ciiinaber may be prepared by various other proces- 
ses. One of the simplest of these ivS the following, 
lately discovered by Mr KircholF. When 300 grains 
of mercury, and 68 of sulphur, with a few drops of so- 
lution of potash to moisten them, are triturated for 


T'he word ’Dcnnu'.on is derived from the French word Dsymn, which 
c;omies from wrwiculus , or •Vi'rmhulujn : names given in tlie middle ages to 
the ler?r>es or cocctis rll/cis, well known as a red dye. VermUion originally 
signified the red dye of the kermes. See Bechnajift's History of Discowrlnl 
ji. i8o 

f (h' Phys, liii. <)%. 

I See a description of the process of making it l»y Paysse, Arm, ds Cbif^K 
li, 196, and by Tuckert, iv. 
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some time in a porcelain cup bj means of a glass pestle^ Chap. IV. 
ethiops mineral is produced. Add to this 160 grains 
of potash dissolved in as much water. Heat the ves- 
sel containing the ingredients over the flame of a can- 
dle, and continue the trituration without interruption 
during' the heating. In proportion as the liquid evapo- 
rates, add clear water from time to time, so that the ox- 
ide may be constantly covered to the depth of near an 
inch. The trituration must be continued about two 
hours ; at the end of which time the mixture begins to 
change from its original black colour to a brown, which 
usually happens when a large part of the fluid is evapo- 
rated. It then passes very rapidly to a red. No more 
water is to be added ; but the trituration is to be con- 
tinued without interruption. When the mass has ac- 
quired the consistence of a jelly, the red colour becomes 
more and more bright, with an incredible degree of 
quickness. The instant the colour has acquired its ut- 
most beauty, the heat must be withdrawn, otherwise the 
red passes to a dirty brown. Count de Moussin Pousch- 
kin has discovered, that its passing to a brown colour 
may be prevented by taking it from the fire as soon as 
it has acquired a red colour, and placing it for two or 
three daj^s in a gentle heat, taking care to add a few 
drops of water, and to agitate the mixture from time 
to time. During this exposure the red colour gradu- 
ally improves, and at last becomes excellent. He dis- 
covered also, that when this sulphuret is exposed to a 
strong heat, it becomes instantly brown, and then pas- 
ses into a dark violet ; when taken from the fire, it pas- 
*ses instantly to a beautiful carmine red 


^ Nicholson’s JournaU ii. i. 
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Book L 3. Mr Pelletier, after several unsuccessful attempts 
to combine phosphorus and mercury, at last succeeded 

Phosphuret. distilling a mixture of red oxide of mercury and 
phosphorus. Part of the phosphorus combined with 
the oxygen of the oxide, and was converted into an acid 5 
the rest combined with the mercury. He observed, 
that the mercury was converted into a black powder be- 
fore it combined with the pliosphorus. Oa making the 
experiment, I found that phosphorus combines very 
readily with the black oxide of mercury, when melted 
along with it in a retort filled with hydrogen gas to 
prevent the combustion of the phosphorus. As Pelle- 
tier could not succeed in his attempts to combine phos- 
phorus with mercury in its metallic state, we must 
conclude that it is not with mercury, but with the black 
oxide of mercury, that the phosphorus combines. The 
compound therefore is not phosphuret of mercury^ hut 
hlach phosphuret ed oxide of mercury. 

It is of a black colour, of a pretty solid consistence, 
and capable of being out with a knife. When exposed 
to the air, it exhales vapours of phosphorus 

IV. Mercury does not combine with the simple in- 
combustibles. 

Amalgamf; ^ ' Mercury combines with tlie greater niunber of 

metals. These combinations are known in chemistry 
by the name of amalgams f , 

Of GoR 1. The amalgam of gold is formed very readily, be- 
cause there is a very strong affinity between the two 


^ Ann, de Chim. xili. I a a. 

f This word is supposed to be derived from ar*d yai^tu ; of counf 
it signifies literally intermarriage,. 
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metals. If a bit of gold be dipped into mercury, its 
surface, by combining with mercury, becomes as white 
as silver. The easiest way of forming this amalgam is 
to throw small pieces of red hot gold into mercury 
heated till it begins to smoke. The proportions of the 
ingredients are not determinable, because they combine 
in any proportion. This amalgam is of a silvery white- 
ness. By squeezing it through leather, the excess of 
mercury may be separated, and a soft white amalgam 
obtained, which gradually becomes solid, and consists 
of about one part of mercury to two of gold. It melts 
at a moderate temperature ; and in a heat below redness 
the mercury evaporates, and leaves the gold in a state 
of purity. It is much used in gilding. The amalgam 
is spread upon the metal, which is to be gilt ; and then 
by the application of a gentle and equal heat, the mer- 
cury is driven off, and the gold left adherin/.; lo die me- 
tallic surface ; this surface is then rubbed witn a brass 
wire brush under water, and afterwards burnished 
2, Dr Lewis attempted to form an amalgam of pla- 
tinum, but succeeded only imperfectly, as was the case 
also with Scheffer f. Guyton Morveau succeeded by 
means of heat. He fixed a small cylinder of platinum 
at the bottom of a tall glass vessel, and covered it with 
mercury. The vessel was then placed in a sand-bath, 
and the mercury kept constantly boiling. The mercury 
gradually combined with the platinum j the weight of 
the cylinder was doubled, and it became brittle. When 
heated strongly, the mercury evaporated, ' and left the 


* Gcllert's Mei^alluygh- Cbefntsiryf 375, and Lewis, rhil. p. 75. 
f Lewis, Phil. Com, p. 50S. 
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j platinuiTi, not^vithstanding its superior specmc gravity, 

always swam upon the surface of the mercury, so that 

Morveau was under the necessity of fixing it down*. 

The simplest and easiest way of combining plati- 
num and mercury was pointed out by Muschin Push- 
kin. It consists in triturating with mercury the fine 
powder obtained by precipitating platinum from nitro- 
inuriatic acid by sal ammoniac, and exposing the pre- 
cipitate to a graduated heat. Some trituration is ne- 
cessary to produce the commencement of combination ; 
but when once it begins, it goes on rapidly. Small quan- 
tities of the platinum and mercury are to be added alter- 
nately till the proper portion of amalgam is procured. 
The excess of mercury is then separated by squeezing 
it through leather. The amalgam obtained is of a fine 
silvery whiteness, and does not tarnish by keeping. At 
first it is soft, but gradually acquires hardness. It ad- 
" heres readily to the surface of glass, and converts it 

into a smooth mirror. 

Silver. 3 . The amalgam of silver is made in the same man- 
ner as that of gold, and with equal ease. It forms den- 
dritical crystals, which, according to the Dijon acade- 


* Ann.de Chirn. XXV. 12,— This was doubtless owing to the strong co- 
hesion which exists between the particles of mercury. If you lay a large 
mass of platinum upon the surface of mercury, it sinks directly on ac- 
count of its weight ; but a small slip (a platinum wire, for instance) 
swims, being unable to overcome the cohesion of the mercury. How- 
ever, if you plunge it to the bottom, it remains there in consequence of 
its superior weight. If heat be now applied to the bottom of the vessel, 
the wire comes again to the surface, being buoyed up by the hot mercury, 
to which it has begun to adhere. These facts explain the seeming anonialy 
-observed by Morveau. 
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micians, contains eight parts of mercury and one of sil- ^ Chap , iv. 
ver. It is of a white colour, and is always of a soft 
consistence. Its specific gravity is greater than the 
mean of the two metals. Gellert has even remarked, 
that wdien thrown into pure mercury, it sinks to the 
bottom of that liquid When heated sufficiently, the 
mercury is volatilized, and the silver remains behind 
pure. This amalgam is sometimes employed, like that 
of gold, to cover the surfaces of the inferior metals with 
^ thin coat of silver. 


SECT. V. 

OF PALLADIUM. 

This metallic body, recently discovered by Dr Wol- 
laston in crude platina, has given birth to a very ex- 
traordinary controversy, which is not yet settled. 

In the month of April 1803, a printed paper was par- History- 
tially circulated in London, announcing, that a new me- 
tal called palladium y or nev^ sil^uevy was sold at Mr 
Forster’s, Gerrard-street. Several of the properties of 
he metal were stated ; but the name of the discoverer, 
and every thing which could lead to the knowledge 
of the substance from which it was obtained, were 


^ Gellert’s Metallurgic Chemistry, 141. 
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Book L oinitfecL This unusual mode of proceeding’ led Mr 
Chenevix to suspect imposition on the part of the dis« 
coverer, and induced him to undertake a very labori- 
ous set of experiments to detect what he considered as 
a fraud. The result of his inquiries w'as published ia 
the Philosophical Transactions for 1 S 03 . He concluded 
palladium to be a compound of platinum and mercury. 
He pointed out various methods of uniting the two me- 
tals together, but could not succeed in again decompo- 
sing iliem, or in reducing palladium to its constituents. 
Tlie very extraordinary consequences that follow^ed from 
these experiments and assertions of Chevenix, imme- 
diately attracted the attention of all chemists to the sub- 
ject. Dr Wollaston and Mr Smithson Tennant very 
soon announced, that they considered Mr Clienevix as 
mistaken, as his experiments in their hands did not 
succeed. Dr Wollaston informed him, that iie had 
detected small quantities of palladium in ci pla- 
tina, and endeavoured to convince him that uhe pal- 
ladium ia his experiments had been derived from that 
source. Mr Chenevix, however, still persisted in his 
original opinion. Some months after, a letter was pub- 
lished by the unknown discoverer, denying the accu- 
racy of Chenevix’s experiments, affirming that palladi- 
um cannot be made artificially, and offering a reward 
of t^venty guineas to any person who CQuld produce 
twenty grains made either by means of the formula of 
Chenevix or any other. The money was actually de- 
posited, but nobody appeared to lay claim to the re- 
ward. 

In France some of Mr Ghenevix’s experiments were 
repeated by Morveau, who exhibited several of his re- 
sults before the National Institute., and affirmed that 
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tliey coincided in general witli those of the British chc- Chap, iv.^ 
mist. But Fourcroj and Vauquelin investigated the 
subject farther, and were led to conclude that mercury 
does not enter into the composition of palladium. 

In Germany the investigation was taken up by Rose 
and Gehlen, and by Richter ; but none of these chemists 
succeeded in forming palladium artificially. Neither 
were the attempts of Trommsdorf and Klaproth atten- 
ded with better success. My own trials to obtain the 
results of Chenevix were not more fortunate. 

This uniform failure led the generality of chemists 
to suspend their judgment, and even to suspect that Mr 
Chenevix had allowed himself to be deceived. This 
naturally induced him to resume the subject, to exa- 
mine with more precision the mutual action of platinum 
and mercury, and to ascertain the circumstances upon 
which their union depends. These new experiments 
were sent to the Royal Society, and read at one of their 
meetings in January 1805. The week following Dr 
Wollaston read a paper on palladium, vindicating the 
conduct of the unknown discoverer, and assigning his 
reasons for believing that he had procured it from crude 
platina. He finished, ..by acknowledging that he him- 
self was the discoverer ; ..that he had separated it during* 
a- long continued series of experiments on crude platina ^ 
and that the occurrence of several anomalous circum- 
stances had induced him to act as he did, that he might 
have leisure to examine and explain the whole of the 
phenomena, before he ventured to publish an account 
of them in his own name. 

This avowal of Dr Wollaston entirely destro3’-ed the 
presumption which had induced Chenevix to under- 
take his original experiments ; namely, that palladium 
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was an artificial alloj, and that the discoverer had fraii« 
dulentlj attempted to impose upon the public. We 
now know that it exists in crude platina, and that Dr 
Wollaston extracted it from that mineral. Of conse- 
<|uence, since palladium exists in a natural substance^ 
since no one has succeeded in decomposing it, and since 
all other chemists have hitherto failed in forming it ar- 
tificially by any of the methods pointed out by Cliene- 
vix, we are under the necessity of considering it as a 
distinct metal. Mr Chenevix indeed still persists in 
his original opinion, even since he has been informed of 
the real history of the discovery ; but it cannot be ex- 
pected that others will embrace his opinion till he suc- 
ceeds in pointing out a method by Which his experi- 
ments may be successfully repeated. At the same time 
it is but justice to say, that even if his conclusions 
should not be verified to their full extent, still the ex- 
periments of this ingenious chemist would be of great 
importance, by leading chemists to examine the mutual 
action of the metals on each other, and the compounds 
which they are capable of forming in various circum- 
stances ; investigations which may ultimately tend to 
diminish the number of simple metals, which seem at 
.present likely to multiply almost without limit. 

1. Dr Wollaston separated palladium from crude pla- 
tina by the following process : 

Dissolve crude platina in nitro-muriatic acid, and in- 
to the solution, previously freed from any excess of a- 
cid, drop a quantity of prussiate of mercury In a 
short time the liquid becomes muddy, and a pale yei- 


^ A salt 10 be described in a subsequent part of this Work. 
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lowish white matter falls down. This precipitate, 
washed, dried, and exposed’ to a strong heat, leaves a 
white matter, which is palladium^. By heating it with 
sulphur and borax it may be obtained in the state of a 
metallic button, which will bear hammering or rolling. 

I. Palladium thus obtained is a white metal, which. Properties, 
when polished, bears a very close resemblance to pla-* 

tinum. 

* 2.. It is rather harder than wrought iron. Its speci- 
fic gravity varies according to the state in which it is 
exhibited. When completely fused, Mr Chenevix 
found it 11 *8 71 ; but some of the pieces exposed to sale 
were as low as 10*972. Dr Wollaston states it as va- 
rying from 11*3 to 11*8. 

3. It seems to be as malleable as platinum itself. It 
possesses but little elasticity, breaks with a fibrous frac- 
ture, and appears of a crystallized texture. 

^4. It is not altered by exposure to the air. It re- 
quires a very violent heat to fuse it. Mr Chencvix 
succeeded in melting it, but was notin possession of the 
means of estimating the temperature. 

II. When strongly heated its surface assumes a blue Oxidtir,. 
colour ; but by increasing the temperature the original 
lustre is again restored. This blue colour is doubtless 

a commencement of oxidizement ; but neither the pro- 
perties of the oxides of this metal, nor the proportion c£ 
oxygen with which it combines, have been ascertained. 

When sulphuric acid is boiled upon palladium, it ac- 
quires a fine red colour, and dissolves a portion of the 
metal. Nitric acid acts rather more powerfully, and 
forms with it a beautiful red-coloured solution. Mii«? 


^ Wollaston on the Discovery of Palladium, Phil, Trans. 
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BookL riatic acid acts upon it also at a boilins: heat, and be** 

BivisfonL ^ , 

V — y. — comes ot a line red ; but nitro-munatic acid dissolves 
it readily, and with violence, without the assistance of 
heat, and forms a beautiful red solution. When pot- 
ash or lime water is dr opt into these solutions, the ox- 
ide of palladium is precipitated of a fine orange colour, 
not in a pure state, but in combination with a portion 
of the dissolving acid and the precipitating substances. 

III. The effect of hydrogen upon palladium has not 
been tried. Chenevix melted the metal in a charcoal 
crucible, bat it was not in the least altered. 

Sulpliuret. Palladium unites very readily to sulphur. When it 
is Strongly heated, the addition d£ a little sulphur causes 
it to run into fusion immediately, and the sulphuret 
continues in a li(]^uid state till it be only obscurely red 
hot. Sulphuret of palladium is rather paler than the 
pure metal, and is extremely brittle. By means of heat 
mid air, the sulphur may be gradually dissipated, and 
the metal obtained in a state of purity. 

IV- Azote has probably no effect upon it; but mu- 
riatic acid promotes its oxidizement, and forms a red so- 
lution with the oxide. 

Alioyswith V. Mr Cheucvix alloyed palladium with various 
metals. The following are the results which he ob- 
tained. 

Gold, E(jual parts of palladium and gold were melted 

together in a crucible. The colour of the alloy ob- 
tained was grey : its hardness about equal to that of 
wrought iron. It yielded to the hammer; but was 
less ductile than each metal separate, and broke by re- 
peated percussions. Its fracture was coarse-grained, 
and bore marks of crystallization. Its specific gravity 
was 11 ’ 079 . 

Eoual narts of rjlatiniim and nallnrlinm (Pnrr vv' 1 
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into fusion at a heat not much superior to that which 
was capable of fusing palladium alone. In colour and 
liardness this alloy resembled the former ; but it was 
rather less malleable. Its specific gravity I found to 
be 15-141. 

3. Palladium alloyed with an equal weight of sil- 
ver, gave a button of the same colour as the preceding 
alloys. This was harder than silver, but not so hard 
as wrought iron ; and its polished surface was some- 
what like platina, but whiter- Its specific gravity was 
11-290. 


CBap. IV. 


Sliver, 


4. The alloy of equal parts of palladium and cop- Copper, 
per was a little more yellow than any of the preceding 
alloj's, and broke more easily. It was harder thauA 
wrought iron ; and, by the file, assumed rather a lead- 
en colour. Specific gravity 10-392. 

5. Lead increases the fusibility of palladium. An Lead, 
alloy of these metals, but in unknown proportions, was 

of a grey colour, and its fracture was fine-grained. It 
was superior to all the former in hardness, but v/as ex- 
tremely brittle. I found its specific gravity to be 
32*000. 

6. tequal parts of palladium and tin gave a grey- Xu.\ 
ish button, inferior in hardness to wrought iron, and 
extremely brittle. Its fracture was compact and fine- 
grained. Specific gravity 8-175. 

7. With an equal weight of bismuth, palladium Bisrjuth, 
gave a button still more brittle, and nearly as hard as 

steel. Its colour was grey ; but when reduced to pow- 
der it v^as much darker. Its specific gravity I found 
to be 12-587. 

8. Iron, when alloyed with palladium, tends much 
fo diminish its specific gravity, and renders it brittle. 
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Arsenic increases the fusibility of palladium, and ren- 
ders it extremely brittle 


SECT. VL 


OF RHODIUM. 


Prepara- 

tion. 


A HIS metal has been discovered in crude platina by 
Dr Wollaston, still more recently than the last. The 
knowledge^ of it has enabled him to account for the 
anomalous appearances which perplexed his experiments 
on palladium. 

1. It may be procured from crude platina by the 
following method of Wollaston: 

The platina was freed from mercury by exposure to 
a red heat, and from gold and other impurities by di- 
gestion in a small quantity of dilute nitro-muriatic acid. 
It was then treated with dilute nitro-muriatic acid in 
a moderate sand heat, till the acid was saturated, and 
the whole was dissolved, except a shining black powder, 
from which the solution was separated. A solution of 
sal ammoniac in hot water was poured into this solu- 
tion, in order to separate the platinum ; the greatest part 


* Sec Chenevix*8 Enquiries concerning the Isature of a EletalUc Substance 
called Palladium, Phil. Trans. 1 803 ; and Wollaston’s Paper on a iWw 
Metal found in Crude Platina, Ibid. 1804. ; and on the Discovery of Fallow 
dium, Ibid. 1805. From these all the facts contained in this Section have 
bckin extracted, 
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wliich was precipitated in the form of a ydlow pow- ^Chap. iv.^ 
der. Into the solution thus freed from its platinum, a 
piece of clear zinc was immersed, and allowed to remain 
till it ceksed to produce any farther effect. By the zinc 
a black powder was thrown down, which was washed 
and treated with vefy dilute nitric acid in a gentle heat^ 
in order to dissolve some copper and lead with which 
it was contaminated. It was then washed arid digested 
in dilute nitro-mariatic acid till the greater part was 
dissolved. To this solution some common salt was 
addedw The whole was then gently evaporated to dry- 
ness, and the residuum washed repeatedly with small 
quantities of alcohol till it came off nearly colourless. 

By this means two metallic oxides are washed off in 
combination with common salt, namely, the oxides of 
piatinuna and palladium. There remained behind a 
deep red-coloured substance, consisting of the oxide of 
rhodium united to common salt. By solution in water 
and gradual evaporation, it forms rhomboidal crystals 
of a deep red colour, whose acute angles are about 75*^* 

When these crystals are dissolved in water^ and a plate 
of zinc immersed in the solution^ a black powder pre- 
cipitates 9 which being strongly heated with borax be- 
comes white, and assumes a metallic lustre. In this 
state it is rhodium. From Wollaston’s analysis it fol- 
lows, that crude platina contains about one part in 250 
of rhoditimi 

1. Rhocliuni thus obtained is of a white colour. Its jptopcrtm- 
specific gravity seems to exceed il somewhat. No de- 
gree of heat hitherto applied is capable of fusing iu 
We do not know, therefore, whether it be malleable; 
but as it forms malleable alloys with the other metals^ 

FoL /. N 
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it is probable that it would not be destitute of mallea- 
bility if it could be fused into a button. 

IL This metal does not seem to be oxidized by ex- 
posure to air, even though assisted by heat ; neither is 
it much acted upon by acids : but when the red salt, 
consisting of the oxide of rhodium and common salt, is 
dissolved in water, potash throws down the metal in the 
state of a yellow- coloured oxide. 

Neither sal ammoniac nor prussiate of potash occa- 
sion any precipitate when dropt into this solution. 
This readily distinguishes rhodium from platinum and 
palladium. 

The solution of this oxide of rhodium in muriatic 
acid^ upon being evaporated, did not crystallize : the 
residuum was soluble in alcohol, and of a rose colour. 
Sal ammoniac, nitre, or common salt, caused no preci- 
pitation from the muriatic solution, but formed triple 
salts, which were not soluble in alcohol. 

The solution in nitric acid also did not crystallize. 
A drop of this solution, being placed upon pure silver, 
occasioned no stain. On the surface of mercury a me- 
tallic film was precipitated, but did not appear to amal- 
gamate. The metal was also precipitated by copper 
and other metals, as might be presumed from the usual 
order of their affinities for acids. 

III. Rhodium unites readily with sulphur, and, like 
palladium, is rendered fusible by it; so also is it with 
arsenic. The arsenic or sulphur may be expelled by 
means of heat ; but the metallic button obtained does 
not become malleable. 

Alloys. IV* Tbe following are the result of the experiments 

made hy Dr Wollaston to alloy rhodium with other 
metals. 
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1. It unites reedilj with alt mdais that ha^e 
tried, excepting raereury 5 and with gold or silver it 
forms very inalleable alloys^ that are not oxidated by a 
high degree of heat, but become incrusted with a black 
oxide when very slowly cooled* 

Wh^n four parts of gold are united with one of 
rhodium, although the alloy may assume a rounded 
form under the blow-pipe, yet it seems to be more in 
the state of an amalgam than iii complete fusion. 

<< When six parts of gold are alloyed with one of 
rhodium, the compound may be perfectly fused, but 
req[uires far more heat than fine gold. There is nd 
circumstance in which rhodium differs more from pla- 
tina than in the colour of this alloys which might be 
taken for fine gold by any one who is not very much 
accustomed to discriminate the different qualities of gold-i 
On the contrary, the colour of an alloy containing the 
same proportion of platina, differs but little from that 
of platina. This was .originally .observed by DrLewis<i 
^ The colour was still sd dull and pale,' that the com- 
pound (5 to 1) could scarcely be judged by the eye td 
contain any gold*.^ 

** 1 find that palladium resembles platina, in this pro- 
perty of destroying the colour of , a large quantity of 
gold. When one part of palladium is united to six of 
gold, the alloy is nearly white. 

When I endeavoured to dissolve an alloy of silver 
or of gold with rhodium, the rhodium remained un- 
touched by either nitric or nitro-muriatic acids ; and 
when rhodium had been fused with arsenic or with 


dkp‘. iV. 


^ Lewis’s Phil. €om» p. 526, 
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Book I. sulphur, or when merely heated by itself, it was re- 
duced to the same state of insolubility. But when one 
part of rhodium had been fused with three parts of bis- 
muth, of copper, or of lead, each of these alloys could 
be dissolved completely in a mixture of two parts, by 
measure, of muriatic acid with one of nitric. With 
the two former metals, the proportion of the acids to 
each other seemed not to be of so much consequence as 
w'ith lead ; but the lead appeared on another account 
preferable, as it was most easily separated when re- 
duced to an insoluble muriate by evaporation* The 
muriate of rhodium had then the same colour and pro- 
perties as when formed from the yellow oxide precipi- 
tilted from the original salt*.” 


SECT. VJL 

OF IRIDIUM. 

History, This metal was discovered by Mr Smithson Tennant 
in 1803 ; but before he communicated the result of his 
experiments, a dissertation was published on it by Des- 
cotilsin the Annales de ChimieyVjh.o had made the same 
discovery ; and the subject was afterwards prosecuted 
more in detail by Vauquelin and Fourcroy. 

When crude platina is dissolved in nitro-miiriatic 


Sec Dr Wollaston’s paper above quoted, f'rom which all the fact:^ 
c««ttjiled in this Section have been extracted. 
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acid, especially if the acid be dilute, and only 'a mode^ ,Chap. IV, 
rate heat applied, there remains behind a quantity of 
black shining powder in small scales, which preceding 
chemists had mistaken for black lead. Mr Tennant exa- 
mined these scales, found their specific gravity to be lO't, 
and that they consisted of two unknown metals united 
together. The first of these metals he called iridium^ 
from the variety of colours which its solutions exhibit; 
to the second he gave the name of osmium^ from the 
peculiar smell by which its oxides are distinguished. 

Dr Wollaston discovered, that in crude platina there 
exists another substance very similar to the grains of 
platina in appearance, but differing altogether in its 
properties. It consists of flat white grains, often dis- 
tinctly^ foliated. They are^not soluble in any acid, and 
their specific gravity is no less than 19*25, which is 
higher than that of any other mineral ; the grains of 
platina by the trials of this accurate chemist not ex- 
ceeding 17’5. These metallic grains are separated 
%hen the platina is dissolved in nitro-muriatic acid. 

Dr Wollaston has ascertained them to be a compound 
of iridium and osmium. They are therefore of the 
same nature with the black powder examined by Mr 
Tennant. 

To separate the two metals from each other, the Prepara- 
black powder is to be heated to redness in a silver cru- 
cible with its own weight of jDotash, and kept in that 
state for some time. The potash is then to be dissolved 
off by water. A solution is obtained of deep orange 
colour. The portion of powder that remains undis- 
solved is to be digested in muriatic acid. The acid 

comes first hlucj^ then olive green, and lastly deep 
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red. The 'residual powder which has resisted the 
action of these agents, is to be treated alternately with 
potash and muriatic acid, till the whole of it is dissol- 
ved. By this process tw-o solutions are obtained: first, 
the alkaline solution of a deep orange colour, which 
consists chiefly of the potash united to the oxide of os- 
mium ; second, the acid solution of a deep red, which 
qonsisJts chiefly of the muriatic acid united to the oxide 
of irldmn, 

I. By evaporating this last solution to dryness, dis- 
solving the residuum in water^ and evaporating again, 
octahedral crystals are obtained, consisting of muriatic 
^cid united to oxide of iridium. These crystals being 
dissolved in water^^ give a deep re^ solution, froin 
which the iridium may be prepipitated in the state of a 
black powder by putting into .the litjuid a plate of zinc 
or iron, or indeed any metal, except gold and platinum. 
'\V*hen heat is applied to this powder it becomes white, 
and assumes the metallic lustre. In this state it is pure 
iridium. The metal may be obtained also by expo-^ 
sing the octahedral crystals to a strong heat. 

It has the appearance of platinum, and seems to re- 
sist the action of heat at least a$ strongly as that metal ; 
for neither the French chemists nor Mr Tennant were 
able to fuse it. Vauquelin considers it as brittle, and 
as even occasioning the brittleness of platinum ; but as 
it has not been obtained in a metallic button, and as it 
forms malleable alloys with all metals tried, that pro- 
perty does not seem to be sufficiently decided. 

It resists the action of all acids, even the nitro-mu- 
i^iatic completely ; much more than three hun*;' 
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4r€d parts being necessary of that acid to dissolve one Chap, iv. 
of iridium 

II* The affinity between iridium and oxygen seems Oxldcfi. 
to be very weak ; but like all other metals it unites 
with that principle. The phenomena of its solution 
in muriatic acid, indicate that it is capable of uniting 
with at least two doses of oxygen, and of forming two 
oxides* The first solution is a deep blue. In that state 
it seems to be united to a minimum of oxygen ; by di- 
luting the solution with water it becomes green. By 
digesting the blue solution in an open vessel, or by 
adding nitric acid, it becomes dark red. In this 
state the metal appears to be united to a maximum of 
oxygen. 

Most of the metals destroy the colour of these solu- 
tions by depriving the iridium of its oxygen, and 
throwing it down in the metallic state. The infusion - 
of galls and the prussiate of potash likewise destroy 
the colour, but occasion no precipitate. The alkalies 
precipitate the oxide of iridium, but retain a portion of 
it in solution. 

III. The simple combustibles seem to have little ac- 
tion on iridium. Mr Tennant did not succeed in his 
attempts to unite it with sulphur. 

IV. The following are the results of Mr Tennant’s 
experiments to alloy iridium|,with the metals ; 

It does not combine with arsenic. Lead easily Alloys, 
unites with it : but is separated by cupellation, leaving 
the iridium upon the cupel as a coarse black powder. 

Copper forms with it a very malleable alloy, which, 


^ Fourcroy and Vauquelin, Chim, 1. 
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after cupellation with the addition of lead, left a small 
proportion of the iridium, but much less than in, the 
former case. Silver may be united with it, and the 
compound remains perfectly malleable* The iridium 
was not separated from it by cupellation, but occasioned 
on the surface a dark and tarnished hue* It appeared 
not to be perfectly combined with the silver, but merely 
diffused through the substance of it in the state of a 
fine powder. Gold alloyed with iridium is not freed 
from it by cupellation, nor by quartation with silver* 
The compound was malleable, and ^iid not differ much 
in colour from pure gold ; though the proportion of al- 
loy was very considerable* If the gold or silver is 
dissolved, the iridium is left in the form of a black 
powder 


SECT. viri. 

OF O S M I U M. 

lOiscoveiy. FoR the discovery of this very singular metallic sub- 
stance, we are indebted to Mr Tennant ; Fourcroy and 
Vauquelin, indeed, observed some of its most re- 


The whole of the properties of iridium described in this Section 
have been taken from Mr Tennant's paper on Txyo Mdals found in tht 
Fo'tvier remaining after the Soluthn of Platina^ PhiL Trans, 1S04. Des- 
cocils did not succeed in obtaining it in a separate state ; blit he showed 
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^aciarkabl^ properties, but thjey qonfotinded it with iri- 
dium. 

Qsmium is separated from iridium by the proqess 
described in the last Section, and obtained in- the al- 
kaline sol lid on, to which it cotnmunicates a yellow 
colour. When the alkaline solution is first formed, a 
pungent and peculiar smell is perceived, which Four- 
croy and Vauquelin compare to that of oxymuriatic 
acid. As this smell constitutes one of the rpost remarks 
able properties of the metallic oxide, Mr Tennant was 
induced by it to call* the metal osmium. 

I. To obtain the oxide in a separate state, w’^e have 
only to mix sulphuric acid with the alkaline solution, 
and distil with a moderate heat. A colourless liquid 
comes over, consisting of the oxide dissolved in water. 
This liquid has a sweetish taste and a strong smell. It 
does not give a red colour to vegetable blues. 

The oxide of osmium may be obtained also in a 
more cottcentrated state by distilling the black powder 
from crude platina^with nitre. With a degree of heat 
under redness, there sqblimes into the neck of the retort 
a fluid apparently oily, but which on cooling concretes 
into a solid *^etni- transparent mass, soluble in water $ 
and the solution exhibits the same properties as that 
obtained by the preceding process. 

When mercury is shaken in either of these solutions, 


Chap. IV. 


How ob-^ 
tained. 


that the red colour which the precipitates of platinum sometiuies assume, 
is owing to the presence of iridium. See his paper, Ann> de Cbim. xlviiL 
153. Fourcroy and Vauquelin confounded together the properties 
of osmium and iridium, ascribing both to one metal ; to which they hate 
^iven the name of See Ann,de Cbim. xlix. 177 . and 1 . 5 . 
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they lose their peculiar smell ; and the osmium, reducec} 
to the metallic state, forms an amalgam with the mer* 
cury. By distilling the mercury from this amalgam, 
the osmium remains in a state of purity. 

It has a dark grey or blue colour, and the metallic 
lustre. When heated in the open air, it evaporates with 
the usual smell ; but in close vessels, when the oxidize- 
ment is prevented, it does not appear in the least vo- 
latile. 

When subjected to a strong white heat in a char- 
coal crucible, it did not melt nor undergo any apparent 
alteration. 

It is not acted upon by any acid, not even the -nitro- 
muriatic, after exposure to heat ; but when heated with 
potash it combines with that alkali, and forms with it 
an orange yellow solution. 

11. The facility with which osmium is oxidized 
when heated in the open air, or When fused with pot- 
ash, though it resists the action of acids, forms one of 
the singular characters of this metaJ. In these respects 
osmium differs from all other metallic bodies. 

The great volatility of this oxide, its peculiar smell, 
its solubility in water, its sweet taste, and the yellow 
colour which it assumes with potash, are not less ano- 
malous. 

Its solution stains the skin of a dark colour, which 
cannot be effaced. The infusion of galls immediately 
produces a purple colour, becoming soon after of a deep 
vivid blue. By this means a mixture of iridium and 
osmium may be easily detected. The solution of iri- 
dium is not apparently altered by being mixed with 
the oxide of osmium ; but on adding an infusion of 
galls, the red colour of the first is instantly taken away, 
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and soon after the purple and blue colour of the latter Chap .av. 
appears. 

When alcohol or ether is mixed with the solution of 
oxide of osmium in water, the colour becomes dark, 
the oxide is reduced, and the osmium precipitates in 
black films. 

This oxide appears to part with its oxjgen to all the 
metals excepting gold and platinum. Silver being kept 
in a solution of it for some time, acquires a black co- 
lour ; but does not entirely deprive it of smell. Cop- 
per, tin, zinc, and phosphorus, quickly produce a black 
or grey powder, and deprive the solution of all sqaell, 
and of the power of turning galls of a blue colour^ 

This black powder, which consists of the osmium in a 
metallic state and the oxide of the metal employed to 
precipitate it, may be dissolved in nitro-muriatic acid, 
and then becomes blue with infusion of galls. 

III. The action of the simple combustibles on os- 
mium has not been tried. 

IV. Neither do we know much of its combination Alloys* 
with metals. It amalgamates with mercury. Heated 

with copper and with gold in a charcoal crucible, it 
tnclted with each of these metals, forming alloys which 
were quite malleable. These compounds were easily 
dissolved in nitro-muriatic acid, and, by distillation, 
afforded the oxide of osmium with the usnal pro- 
perties 


* All the facts in this Section were ascertained by Mr Tennant. It 
^as impossible to use the experiments of the French chemists^ because they 
have confounded iridium and osmium. 
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of ccpper. 


I* If we except gold and silver, copper seems to have 
been more early known than any other metal. In the 
first ages of the world, before the method of working 
iron was discovered, copper was the principal ingre- 
dient in all domestic utensils and instruments of war. 
Even during the Trojan war, as we learn from Homer, 
the combatants had no other armour but what was 
made of bronze, which is a mixture of copper and tin. 
The word copper is derived from the island of Cyprus, 
where it was first discovered, or at least wrought to any 
extent, by the Greeks. 

1. This metal is of a fine red colour, and has^a great 
deal of brilliancy. Its taste is styptic and nauseous j 
and the hands, when rubbed for some time on it, ac- 
quire a peculiar and disagreeable odour. 

2. Its hardness is T*5. Its specific gravity varies 
according to its state. Lewis found the specific gravi- 
ty of the finest copper he could procure 8*830 ^. Mr 
Hatchett found the finest granulated Swedish copper 


Neuman’s p. <> I. Fahrcnlwjit had found it 8-834. 

Tram . 1724, vol. xxxiii. p. 114. 
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S ‘895 It is probable that the specimens whidh have Chap. IV. 
been found of inferior gravity were not quite pure f. ^ 

Cronstadt states the specific gravity of Japan copper at 
9 - 000 . 


3. Its malleability is great : it may be hammered out 
into leaves so thin as to he blown about by the slight- 
est breeze. Its ductility is also considerable. Its te- 
nacity is such that a copper wire 0*078 inch in diame- 
ter is capable of supporting 302*26 lbs. avoirdupois 
without breaking J. 

4 . When heated to the temperature of 27 ^ Wedge- 
wood, or, according to the calculation of Mortimer 
to 1450^ Fahrenheit, it melts; and if the heat be in- 
creased, it evaporates in visible fumes. While in fu- 
sion it appears on the surface of a bluish green, nearly 
like that of melted gold ||. When allowed to cool 
slowly, it assumes a crystalline form. The Abbe Mon*^ 
gez, to whom we owe many valuable experiments on 
the crystallization of metals, obtained it in quadran- 
gular pyramids, often inserted into one another. 

II. Copper is not altered by water : It is incapable 
df decomposing it even at a red heat, unless air have 
free access to it at the same time ; in that case the sur- 


^ On the Alloys of Gold, p. 50. It would have been heavier had it 
been hammered or rolled. Bergman states the specific gravity of Swe- 
«lip.h copper at 9*3243. Opztsc. ii. 263. 
f The following are the results of Mr Hatchett** trials ; 

Finest granulated Swedish copper, 8*895 
Do. Swedish dollar do. - - 3*799 

Do. sheet British do. - - - 8*785 

Fine granujated British do. - 8*607 
f Siclcengen, de Chlm, xxv. 9. § Thil. ’Trans, xliv. 

(I Dr Lewis, Neuman’s Chemistry, p. 6i. 
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Hook I face of tlic metal becomes oxidized* Every one mast 
^ liave^rcmarked, that when water is kept in a copper 
vessel;, a green crust of mrdegris, as it is called, is form- 
cd on that part of the vessel which is in contact with the 
surface of the water. 

«DxWe». When co|)f er is exposed to the air, its surface is gra- 

dually tarnished j it becomes brown, and is at last co- 
vered with a dark green crust. This crust consists of 
oxide of copper combined with carbonic acid gas. At 
the common temperature of the' air, this oxidizemeiit 
of copper goes on but slowly ; but when a plate of me- 
tal is heated red hot, it is covered in a few minutes, 
with a crust of oxide, which separates spontaneously in 
small scsdes when the plate is allowed to cooL The 
copper plate contracts considerably on cooling, but the 
crust of oxide contracts but very little ; it is therefore 
broken to pieces and thrown off, when the plate con- 
tracts under it- Any quantity of tliis oxide may be ob- 
tained by heating a plate of copper and plunging it al- 
ternately in cold water. The scales fall down to th(^ 
bottom of the water. When copper is kept heated be- 
low redness, its surface gradurdly assumes beautifully 
variegated shades of orange, yellow, and blue. Thin 
plates of it are used in this state to ornament children's 
toys* 

In a violent heat, or when copper is exposed to a 
stream of ‘ oxygen and hydrogen gas, the metal takes 
fire and burns with great brilliancy, emitting a lively 
green light of such intensity that the eye can scarcely 
bear the glare. The product is an oxide of copper. 

There are two oxides of copper at present known 5 
and it does not appear that the metal is capable of be- 
ing exhi|»ited in combination with more than two doses^ 
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of oxygeo. The protoxide is found native of a red co- Chap, 
lour, but when formed artificially it is a Gxie orangey but 
the peroxide is hlachy though in combination it assumes 
various shades of blue, green, and brown. 

1 . The protoxide of copper was first observed by protoxide* 
Proust ; but we are indebted to Mr Chenevix, who 
found it native in Cornwall, for the investigation of its 
properties. It may be prepared by mixing together 
57*5 parts of black oxide of copper, and 50 parts of 
copper reduced to a fine powder by precipitating it from 
muriatic acid by an iron plate. This mixture is to be 
triturated in a mortar, and put with muriatic acid into 
a welUstopped phiaL Heat is disengaged, and almost 
all the copper is dissolved. When potash is clropt into 
this solution, the oxide of copper is precipitated orange. 

But the easiest process is to dissolve any quantity of 
copper in muriatic acid by means of heat. The green 
liquid thus obtained is to be put into a phial, together 
with some pieces of rolled copper, and the whole is to 
be corked up closely. The green colour gradually dis- 
appears ; the liquid becomes dark brown and opaque ; 
and a number of dirty white crystals, like grains of 
sand, are gradually deposited. When this liquid, or 
the crystals, are thrown into a solution of potash, the 
orange coloured oxide precipitates in abundance. 

This oxide is composed of 88*5 parts of copper and 
11*5 oxygen^. It attracts oxygen with such avidity, 
that it can scarcely be dried without becoming bluish- 
green, at least on the surface 5 hut when once dry, it 
retains its colour pretty well. 


* Chenevixj fUL Trans, i8oi, p. 
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2. The peroxide of copper is easily procured purfe 
from the scales which are formed upon the surface of 
red hot copper* These scales have a violet red colour^ 
owing to the presence of- a little metallic copper Upon 
their under surface 5 but when kept for some time red 
hot in an open vessel, they become black, and are theri 
pure peroxide of copper. The same oxide may be ob- 
tained by dissolving copper in sulphuric or nitric acid, 
precipitating by means of potash, and then heating the 
precipitate sufficiently to drive off any water which it 
may retain. 

The peroxide of copper is composed of 80 parts of 
copper and 20 of oxygen f. When mixed with some- 
what less than its own weight of copper in powder, and 
heated to redness, the' whole is converted into prot- 
oxide. 

The oxides of copper are easily reduced to the me- 
tallic state when heated along with charcoal, oils, or 
other fatty bodies ; and even with some of the metals, 
especially zinc. 

IIL Copper has never been combined artificially 
with hydrogen or carbon ; but it combines readily with' 
sulphur and phosphorus, and forms with them com- 
pounds sulphuret leend phosphu?'et of copper, 

1. When equal parts of sulphur and copper are stra- 
tified alternately in a crucible, they melt and combine 
at a red heat. Sulphuret of copper, thus obtained, is a 
brittle mass, of a black or very deep blue grey colour^^ 
much more fusible than copper, and composed, accord-' 
ing to the experiments of Mr Proust, of 78 parts of 


^ Attn, de Chim, xxsii. 
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eoppel: and 22 of sulphur The same compound may _ 
be formed by mixing copper filings and sulphur toge- 
ther, and making them into a paste with water, or even 
by merely mixing them together without any water, 
and allowing them to remain a sufficient time exposed 
to the air, as I have ascertained by experiment. 

If eight parts by weight of copper filings, mixed 
■with three parts of flowers of sulphur, be put into a 
glass receiver, and placed upon burning coals, the mix- 
ture first melts, then a kind of explosion takes place ; 
it becomes red hot ; and when taken from the fire, con- 
tinues to glow for some time like a live coal. If we 
now examine ir, we find it converted into snlphuj'vt of 
copper. This carious experiment was first made by 
the associated Dutch chemists, Dieman, Troostwyk, 
Nieuwland, Bondt, and Laurenburg, in 1793 1* They 
found that the combustion succeeds best when the sub- 
stances are mixed in the proportions mentioned above j 
that it succeeds equally, however pure and dry the suI* 
phur and copper be, and whatever air be present in the 
glass vessel, whether common air, or oxygen gas, or 
hydrogen, or azotic gas, 'or even when the receiver is 
filled with water or mercury. This experiment ha» 
excited great attention, and has been very often repeat- 
ed ; because it is the only instance known of apparent 
combustion without the presence of oxygen. The dif- 
ferent attempts to explain it wdllbe considered in a suc- 
ceeding chapter. 

2. Mr Proust has shown that the siilphuret of cop- 
per is capable of combining with an additional dose of 


^ Ann. ds Chlm. XXXvIIi. 17?., 

Vd. I. 


'[ Jour, de Tkfw, Ko. r. 85. 

o 
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sulphur, and of forming a new compound, which maj 
be called supersidphiiret of copper* It is brittle, has a 
yellow colour, and a metallic lustre, and is found na- 
tive abundantly, being well known to mineralogists by 
the nanae of copper pyrites^,, 

3. Mr Pelletier ioxmtd, phosphiret of copper hj melt- 
ing together 16 parts of copper, 16 parts of phosphoric 
glass, and one part of charcoal f. Margraf wis the first 
person who formed this phosphuret. His method was 
to distil phosphorus and oxide of copper together. It 
is formed most easily by projecting phosphorus into 
red hot copper. It is of a white colour ; and, accord- 
ing to Pelletier, is composed of 20 parts of phosphorus 
and 80 of copper This phosphuret is harder than 
iron. It is not ductile, and yet cannot easily be pulve- 
rised. Its specific gravity is 7*1220. It crystallizes 
in four-sided prisms It is much more fusible than 
copper. When exposed to the air, it loses its lustre, 
becomes black, falls to pieces j the copper is oxidated, 
and the phosphorus converted into phosphoric acid. 
When heated sufficiently, the phosphorus burns, and 
leaves the copper under the form of black scorise |(. 

Sage has shown that this compound does not easily 
part with the whole of its phosphorus, though frequent- 
ly melted, but retains about a twelfth. In this stJite it 
may be considered as a sub-phosphuret. It is more 
fusible than copper, and has the hardness, the grain. 


I 


Jour, da Phys. liii, 95 * f Ann, de Chim.i, 74. 

I Ann. da Chim. siii, 3. ^ Jour%dc Phys, XXXvlii. 468. 

Ij Foiircroyj vl a52. 
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and the colour of steely and admits of an equally fine Chap, iv.^ 
polish 

IV. Copper does not unite to azote. Muriatic acid, 
when assisted by heatj converts it into an oxide^ with 
which it enters into combination; 

V. Copper is capable of combining with most of the Alloys with 
metals ; and some of its alloys are of very great uti- 
lity. 

1. The alloy of gold and copper is easily formed Gold« 
by .melting the two metals together. This alloy is 
much used, because cojDper has the property of increa- 
sing the hardness of gold without injuring its colour. 

Indeed a little copper heightens the colour of gold with- 
out diminishing its ductility. This alloy is more fusible 
than gold, and is therefore used as a solder for that 
precious metal f. Copper increases likewise the hard- 
ness of gold. According to Muschenbroeck, the hard- 
ness of this alloy is a maximum when it is composed 
of seven parts of gold and one of copper f. Gold al- 
loyed with copper by Mr Hatchett, was per- 

fectly ductile, and of a fine yellow colour^ inclining to 
red. Its specific gravity was 17’157. This was be- 
low the liieani Hence the metals had sufiered an ex- 
pansion. Their bulk before union was 273 2> after 
union 2798. So that 91(54- SS^of copper 

when united, instead of occupying the space of 1000, 
ns would happen were there no expansion, become 
X024 t- 


Nicholson’s Jour* ix. 268, t Wasserberg, i. 11%. 

I Hatchet on the Alloys of GolJj p. 66. The gold was already al- 
loyed with i-p6th of copper ; the expansion, had the gold been pure. 
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Bookl^^ Gold coin, sterling or standard gold, consists of pure 
v_v— ' gold alloyed with of some other metal. The metal 
Gaid com. always either copper or silver, or a mixture of 

both, as is most common in British coin. Now it ap- 
pears that when gold is made standard by a mixture of 
equal weights of silver and copper, that the expansion, 
is greater than when the copper alone is used, though 
the specific gravity of gold alloyed with silver differs 
but little from the mean. The specific gravity of gold 
alloyed with of silver and ^th of copper was 

17*344- The bulk of the metals before combination 
was 2700; after it 2707^. We learn from the experi- 


would have been 'greater. For the specific gravity of an alloy of 12 
■gold and one copper, (sttpposing the specific gravity of gold 19 ’3, of cop- 
per 8*9), should be by calculation 17*38. Its real specific gravity is only 
17*157. 

^ 7 'he first guineas coined were made standard by silver, afterwards 
copper was added to make up for the deficiency of the alloy ; and as the 
proportion of the silver and copper varies, the specific gravity of our'goIJ 


coin is various also. 

77 ic specific gravity of gold made standard by silver is 1 7*927 

copper X 7*15 7 


" silver and copper 17*344 

The following trials made by Mr Hatchett, will show the specific gra- 
vity of our coins in different reigns. 



Date . 

^pecife gravity ^ 

Charles n. a five- guinea piece 

1681 

*0 

qp 

James II. a two-guinea piece - 

1687 

17*634. 

William III. a five-guinea piece 

- 1701 

1 7710. 

George I. a quarter-guinea 

1718 

16*894, 

George IL a guinea 

1735 

1 7*63 7 - 

- a two-guinea piece - 

1740 

17*848. 

George III, one guinea 

- xj6t 

17*737. 

one guinea 

1766 

17-655. 


1774 

37.720. 
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iJEients of Mr Hatchett that our standard gold suffers less 
from friction than pure gold, or gold made standard by 
any other metal besides silver and copper ; and that 
the stamp is not so liable to be obliterated as in pure 
gold. It therefore answers better for coin. A pound of 
standard gold is coined into 444- guineas. 

2. Platinum may be alloyed with copper by fusion. Platinum, 
but a strong heat is necessary. The alloy is ductile, 
hard, takes a line polish, and is not liable to tarnish. 

This alloy has been employed with advantage for com- 
posing the mirrors of reflecting telescopes. The pla- 
tinum dilutes the colour of the copper very much, and 
even destroys it, unless it be used sparingly. For the ex- 
periments made upon it we are indebted to Dr Lewis 
Strauss has lately proposed a method of coating copper 
vessels with platinum instead of tin ; it consists in rub- 
bing an amalgam of platinum over the copper, and then 
exposing it to the proper heatf* 


Oeorge Til, one guinea 

-i—-— one guinea - -- 

— — one guinea 

- - one guinea 

one guinea 

one guinea 

five guineas 

. - ten half-guineas 

1 5 seven-shilling pieces |1 


DaU. S^ecijic 


1775 

17*698. 

1776 

17*486. 

1777 

17750' 

1784 

17-202. 

1786 

i 7 ' 465 . 

I7S8 

cd 

mz 

177 ^ 2 . 

1801 

J 7750. 

1802- 

17-793. 


II Supposing guineas, half-guineas, and seven slillling pieces, to be made 
from the same metal, there is reason to expect (in a given comparative 
sum of each) an increase of specific gravity in the smaller c^ins, as a 
natural consequence of rolling, punching, annealing, blanching, milling, 
and stamping ; the effects of which must become more evident in pro- 
portion to the number of the small pieces required to form a given sum 
of the larger coins. 

The average specific gravity of our gold coin, at the present time, 
flay probably be estimated at 17744. 


^ Fhilqsoph, Commerce^ p. 549. f Nicholson’s Jour^ ix. 303. 
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3. Silver is easily alloyed with copper bj fusion. The 
compound is harder and more sonorous than silver, and 
retains its white colour even when the proportion of 
copper exceeds one-half. The hardness is a maximum 
when the copper amounts to one-lifth of the silver. The 
standard or sterling silver of Britain, of which coin i;> 
made, is a compound of I2y silver and one copper. • Its 
specific gravity after simple fusion is 10*200 By cal- 
culation it should be 10*351. Hence it follows that 
the alloy expands, as is the case with gold when united 
to copper. The specific gravity of Paris standard sil- 
ver, composed of 137 parts silver and seven copper, ac- 
cording to Brisson, is 10* 1752 ; but by hammering, it 
becomes as high as 10*3765. The French silver coin, 
at least daring the old government, was not nearly so 
fine, being composed of 261 parts of silver and 27 of 
copper, or one part of copper alloyed with 9y of silver. 
Its specific gravity, according to Brisson, was 10*0476 ; 
but after being coined, it became as high as 10*4077- 
The Austrian silver coin, according to Wasserberg, 
contains -/yg- of copper f. The siivxr coin of llie an- 


^ Cavallo’s P/jiL ii. 76. Dr Sljaw makes it 10*535 lifter ham- 
merhig, as it appears from his table. Shaw’s Boyie, ii, 345, 

f Wassii'rbcrg, i. 155. The following tabic exhibits the composition 
of dilfcrcnt European coins, according to my experiments. 



jdBoy psr 

JV i-ifg/jf of Silver, that of 


cent. 

the Copper being i . 

British - 

- - 7.5 - . 

- - - - ia-5 

Dutch - - 

. . 8 - - 

- - - - IJ'5 

French « - 

- - 9 - - 

- - - - I0*J 

Austrian - - 

- " 9'5 - " 

" - - " 9’.5 

Sardinian 

- - 9‘i - - 

- - - - 9’-^ 

'^•’panisli - - 

510-5 - - 

- . - - 8*5 


lirs - - 

" 5*5 
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cients was nearly pure, and appears not to have been 
mixed with alloy. This seems to be the case also with 
coins of the East Indies ; at least a rupee which I ana- 
lysed contained only yV of copper ; a proportion 
so small that it can scarcely be supposed to have been 
added on purpose. A pound of standard silver is coin^ 
ed into 62 shillings. 

4- Mercury acts but feebly upon copper, and does not 
dissolve it while cold ; but if a small stream of melted 
copper be cautiously poured into mercury heated near- 
ly to the boiling point, the two metals combine and form 
a soft white amalgam Boyle pointed out the follow- 
ing method, which succeeds very well : triturate to- 
gether two parts of mercury, 2f parts of verdigris, and 
one part of common salt, with some acetous acid, and 
keep them for some time over a moderate fire, stirring 
them constantly, and supplying acid as it evaporates} 
then wash the amalgam and pour it into a mould j it 
is at first nearly fluid, but in a few hours it crystallizes 
and becomes quite solid t • This amalgam may be form- 
ed also by keeping plates of copper in a solution of mer- 


Chap. IV. 



Al^oy per 

JVAgl-t of Silver 


cent. 

toe Copper beh 

Portuguese 

- - II 

3 

Danish - - 

- - la 

- — - - 7 - 

Swiss “ - 

-- r 21 

. 3‘8 

Russian - - 

- - 34 

- . - - . 3-6 

Hamburgh - 

- - 50 - 

- r - - - I 


The first column of this Table gives the supposed proportion cf alloy 
ip 100 parts of the respective coin; the second gives the weight of silver 
contained in each coin, on the supposition that the weight of the copper 
with which the silver is alloyed is always t. Nicholson’s /c-wr.xiv. 409. 

# Lewis, Nr.mans Chsm. p. 65, . t Shaw’s i. 34 S- 
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Division T. *■ ^ _ 

j mercury. The amalgam of copper is of a white colour, 

and so soft at first that it takes the most delicate im- 
pressions ; but it soon l?ecomes harder when exposed to 
the air. It is easily decomposed by heat ; the mercury 
evaporates, and leaves the copper. 

5, All that is known respecting the combination of 
copper with palladium, rhodium, iridium, and osmium, 
has been mentioned in the preceding Sections. 


SECT. X. 

OF IRON. 

L Iron, the most abundant and most useful of all th& 
metals, was neither known so early, nor xvrought so 
easily, as gold, silver, and copper. For its discovery we 
must have recourse to the nations of the East, among 
whom, indeed, almost all the arts and sciences first 
sprung up. The writings of Moses (who was born a- 
bout 1635 years before Christ) furnish us with the am- 
plest proof at how early a period it was known in 
Egypt and Phoenicia. He mentions furnaces for work- 
ing iron% ores from which it was extracted f; and 
tells us, that svy^ords J, knives f, axes ||, and tools for cut- 
ting stones were then made of that metal. How 
many ages before the birth of Moses iron must have 


Deut. iv. 20. I Ibid. viii. 9. | Numb. xxxv. 16, 

I Lpyit. i. 17. I Deut. xviii, 5, ^ Ibid, xxvii, 5. 
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bieen discovered in these countries, we may perhaps 
conceive, if we reflect, that the knowledge of iron was 
brought over from Phrygia to Greece by the Dactyli% 
who settled in Crete during the reign of Minos I. about 
1431 years before Christ; yet during the Trojan war, 
which happened 200 years after that period, iron was 
in such high estimation, that Achilles proposed a ball 
of it as one of his prizes during the games which he 
celebrated in honour of Patroclus. At that period none 
of their weapons were formed of iron. Now . if the 
Greeks in 200 j’^ears had made so little progress in an 
art which they learned from others, how long must it 
have taken the Egyptians, Phrygians, Chalybes, or 
whatever nation first discovered the art of "working iron, 
to have made that progress in it which we find they had 
done in the days of Moses ? 

1. Iron is of a bluish white colour ; and when po- 
lished, has a great deal of brilliancy. It has a styptic 
taste, and emits a smell when rubbed. 

2. Its hardness is 9. Its specific gravity varies from 
l*6to7*St. 

It is attracted by the magnet or loadstone, and is 
itself the substance which constitutes the loadstone. But 
when iron is perfectly pure, it retains the magnetic vir- 
tue for a very short time. 


Chap. ly. 


Properdc® 
of iron. 


\ 


f Hesiod, as quoted by Pliny, lib. viL c. 57. 

■}• Kirwan’s M/r. ii. 155. Dr Shaw states the specific gravity of iron 
at 7*645. Shaw’s Boyle^ ii. 345. Erisson at 7788. Mr Hatchett found 
a specimen 7*700. On the Alloys of Golf p. 56 . Swedenburgh states it at 
7*817. According to Muschenbroeck, hammered iron softened by heat i 
©f the specific gravity 7 600 ; the same hammered hot, becomes 77633 ; 
the same hammered cold, becomes 7*875. W^sssrberg^ i. 168, 
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4. It is malleable in every temperature, and its mallea«* 
bility increases in proportion as the temperature aiig« 
meats ; but it cannot be hammered out nearly so thin 
as gold or silver, or even copper. Its ductility, how-, 
ever, is more perfect ; for it may be drawn out into 
wire as fine at least as a human hair. Its tenacity is 
such, that an iron wire, 0*078 of an inchin diameter, is 
capable of supporting 549*25 lbs. avoirdupois without 
breaking 

5. When heated to about 158° Wedgewood, as Sir 
George McKenzie has ascertained f, it melts. This 
temperature being nearly the highest to which it can be 
raised, it has been impossible to ascertain the point at 
which this melted metal begins to boil and to evaporate. 
Neither has the form of its crystals been examined : 
but it is well known that the texture of iron is fibrous ; 
that is, it appears when broken to be composed of a 
number of fibres or strings bundled together. 

IL When exposed t6 the air, its surface is soon tar- 
nished, and it is gradually changed into a brown or yel- 
low powder, well knoivn under the name of rust. This 
change takes place more rapidly if the atmosphere be 
moist. It is occasioned by the gradual combination of 
the iron with the oxygen of the atmosphere, for which 
it has a very strong affinity. 

1, When iron fillings are kept in water, provided the 
temperature be not under 70°, they are gradually con- 
verted into a black powder, while a quantity of hydro- 
gen gas is emitted. This is occasioned by the slow 
decomposition of the water. The iron combines with its 
oxygen, while the hydrogen makes its escape under the 
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iorm of gas If the water be made to boil, it is de- 
composed much more speedily^ Very perceptible bub- 
bles of hydrogen gas rise from the iron, and may be 
eollecte-J at the top of the vessel. This experiment 
may be made in a glass retort. The iron filings are to 
be put in first, and then the retort is to be completely 
filled with water, and its beak plunged into an open, 
vessel of water. The retort is then to be made to boil 
by applying under it a lamp. 

If the steam of water be made to pass through a red 
hot iron tube, it is decomposed instantly. The oxygen 
combines with the iron, and the hydrogen gas passes 
through the tube, and may be collected in proper ves- 
sels. This is one of the easiest methods of procuring- 
pure hydrogen gasf, 

2. These facts are sufficient to show that iron has a 
strong affinity for oxygen, since it is capable of taking 
it from air and water. It is capable also of taking fire 
and burning with great rapidity. Twist a small iron 
wire into the form of a cork-screw, by rolling it round 
a cylinder ; fix one end of it into a cork, and attach to 
the other a small bit of cotton thread dipt in melted 
tallow. Set fire to the cotton, and plunge it while 
burning into a jar filled with oxygen gas. The wire 
catches fire from the cotton and burns with great bril- 
liancy, emitting very vivid sparks in all directions. 
For this very splendid experiment we are indebted to 
Dr Ingenhoiisz. During this combustion the iron com- 
bines with oxygen, and is converted into an oxide. 


* This fact was known to Bergman (O/ujc. iii. 95.) and to Sclie^le 
(ok Fire, p. 180.) ; but it vras first explained by Lavoisier, 
f Lavoisier and Meusnier, Mem, Pat'. 1781, p. 369, 


Chap. IV, 
L— ... » 
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Book L The number of oxides which iron Is capable of 
‘ forming has not yet been ascertained in a satisfactory 
manner. Proust has proved that there are ^wo very 
well characterised ; the j^rsf having usually a black 
colour, the second, considered at present as the peroxide, 
having a red colour. Thenard has endeavoured to prove 
that there are three oxides of iron, which he distin- 
guishes by the epithets white, green, and red'^. But 
the difference between his first and second oxides, as 
far as he has pointed it out, is not sufficient to charac- 
terise each as containing a peculiar quantity of oxygen. 
Accordingly, his opinion has been called in question 
by Mr Darso, who has endeavoured to prove, that the 
green colour of Theuard’s second oxide is owing to the 
presence of hydrogen, while he insinuates that the sup« 
posed white oxide always retains a portion of acid, and 
owes its colour to that acidf . Though Mr Darso’s 
experiments are not sufficiently decisive to establish his 
pwn opinion, they serve to shake our confidence in the 
conclusions of Thenard, which cannot be admitted till 
they be supported by more exact experiments than 
those which he has adduced. 

Black ox- 3 . The hlach oxide of iron may be obtained by four 
different processes : 1. By keeping iron filings a suffi- 
cient time In water at the temperature of 70°. The 
oxide thus formed is a black powder, formerl}’' much 
used in medicine under the name of martial cthiops, and 
seems to have been first examined by LemeriJ. 2. By 


* Ann. de Chim.lvi. 59. f Nicholson’s Jour. xvti. a68. 

I The best process is that of De Roover. He exposes a pas^e formed 
of iron filings and water to the open air in a stoneware vessel ; the paste 
fjecomes hot, and the water disappears. It is then moistened again, ^nd 
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making steam pass through a red hot iron tute. The Clia p. iv.^ 
iron fs changed into a brilliant black brittle substance, 
which when pounded assumes the appearance of martial 
ethiops. This experiment Was first made by Lavoisier^. 

3. By burning iron wire in oxygen gas. The wire as 
it burns is melted, and falls in drops to the bottom of 
the vessel, which ought to be covered with water, and 
to be of copper. These metallic drops are brittle, very 
hard> and blackish, but retain the metallic' lustre. They 
were examined by Lavoisier, and found precisely the 
same with martial ethiops f. They owe their lustre to 
the fusion which they underwent. 4. By dissolving 
iron in sulphuric acid, and pouring potash into the so- 
lution. A green powder falls to the bottom, which as- 
sumes the appearance of martial ethiops when dried 
quickly in close vessels. This oxide of iron, however 
formed, is always composed of 13 parts of iron and 27 
of oxygen, as Lavoisier and Proust have demonstrated 
It is attracted by the magnet, and is often itself mag- 
netic §. It is capable of crystallizing, and is often 
native in that state. 

4. The peroxide or oxide of iron may be formed PeroxWe. 
by keeping iron filings red hot in an open vessel, and 
agitating them constantly till they are converted into a 
dark red powder. This oxide was formerly called 


tlie process repeated rill the whole is oxidized. The mass is then 
pt>unded, and the powder is heated in an iron vessel till it is perfectly 
dry, stirring it constantly. See Ann. de Chim. xliv. 35^9* 

Mem. Par. 1781, p. 269. The iron is converted into a substance 
not unlike specular iron ore. 

. f Ann. de Chim. i. 19. v | Ibid, i. 19, and xxiii. 87. 

^ Rergman-j iih ic?/. 
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Bcxik L saffron of Mars. Common rust of iron is merely this 

s, J oxide combined with carbonic acid gas. The red oxide 

nuiy be obtained also by exposing for along time a di- 
luted solutian of iron in sulphuric acid to the atmos- 
pbercj and then dropping into it an alkali, by which the 
oxide is precipitated. This oxide is also found native 
in great abundance. Proust proved it to be composed 
of 4B parts of tjxygcn and 52 of iron^. Consequently 
the blaek oxide, when converted into red oxide, absorbs 
Iran of cjxygen ; or, which is the same thing, the red 
oxide is eoMiposed of parts of black oxide and 35>*5 
parts of oxygen. One hundred parts of iron, when 
eouverlcd into a black oxide, absorb 37 parts of oxygen, 
and tlic oxide weighs 137; when converted into per- 
oxide, it absorbs 55 additional parts of oxygen, and the 
<».tidc weighs .192. 

'Idle peroxide cannot be completely decomposed by 
j.fUt; but when heated along wdth its own weight of 
iien niinfpg the whole, .as Vauquelia first observed, is 
ti>nvcrt<'d into black oxide f. 


•• Chim. Sy. 

f fVIr CbrncviK, in hb ctolli'nt puper oit the anenlatcs of copptr-,h^^ 
it M Ini tJpiuitao that iron iti misccptiblc of itjur different degrees of: 
ojctdi'/cniait. 7'hc fir»t oxide, uctordirig to him, is of a w/jl/i? colour, 
the* hcrornl k^tireen^ the thkdlhcJi^ and the fourth red. His opinion is 
ihirlly fuutidcd upon the diflereiir cohnirs v/liidi minerals containing 
iiPU MIC ii!i«*rved to namely, 'iv/iu'e (or colourless), IducAy 

f «i/, md But it Is nmre likely that these different colours 

arc the resuhi of tltc various combinatlonb Into which the two oxides of 
ifoti eiuer. Ihlfcrence of colour is a very uncertain murk of difference 
»u the iH’Ojuirtioti of oxygen tomhined with a metal, the black oxide 
of iron duMolvos in uclds without effervescence, and therefore without 
any iciinibie change in the proportion of its oxygen ; yet with potasft it 
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The peroxide of iroa is not magnetic^ It is con- Chap, 
verted into black oxide bj suJpfaiireted hydrogen gas 
and many other substances ; which deprive it of the 
second dose of oxygen, for which they have a stronger 
affinity, though they are incapable of decomposing the 
black oxide. 

5. Among the ores of iron there occurs an oxide protoxide, 
which is by no means uncommon, and which appears 
to contain only half the oxygen of the black oxide. It 
has the metallic lustre, the colour of iron, but darker, 
and is brittle and magnetic. I have attempted in vain 
to form it artificially from iron, always obtaining the 
common black oxide above described. This native 
oxide I consider as the real protoxide cf iron. The- 
nard’s white oxide is, I presume, the black oxide dis- 
guised by the presence of foreign matter. If that 
philosopher succeeds in establishing the existence of his 
green oxide, the reality of which is still doubtful, we 
shall be acquainted with four oxides of iron ; namely, 
the protoxide, the black oxide, the green oxide, and 
the red oxide. 

Cutting instruments of steel, after being finished, are Tempermg 
hardened by heating them to a cherry red, and then 
plunging them into a cold liquid. After this harden- 
ing, it is absolutely necessary to soften them a little, or 


gives uniformly a greenish-coloured precipitate, which becomes deeper 
and deeper coloured when exposed to the light ; and no difference is ob- 
servable when the experiments are performed in •uacm.y or in a close ves- 
sel under water. The same oxide yields xvith phosphoric acid a white 
precipitate, which becomes blue when dried in the open air; and with 
prussic acid, a white precipitate, which retains its colour as long as rbe 
contact of air is withheld, 
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Book r. to temper them as it is caHed, in order to obtain a fine 

L, I and durable edge. This is done bj heating them till 

some particular colour appear on their surface. The 
usual way is to keep them in oil, heated to a particular 
temperature, till the requisite colours appear. Now these 
colours fallow one another in re 2 :iilar succession ac- 
cording to the temperature. Between 430° and 450^, 
the instrument assumes a very pale yellowish tinge ; 
at 460°, the colour is a straw yellow, and the instru- 
ment has the usual temper of pen- knives, razors, and 
* other fine edge tools. The colour gradually deepens 

as the temperature rises higher, and at 500° becomes 
a bright brownish metallic yellow. As the heat in- 
creases, the surface is successively yellow, brown, red, 
and purple, to 580°, when it becomes of a uniform 
deep blue, like that of watch-springs^. The blue gra- 
dually weakens to a water colour, which is the last 
shade distinguishable before the instrument becomes red 
hot f. These different shades of colour are supposed 
ro be owing to the combination of the metal with oxy- 
gen, and to indicate a succession of oxides ; but the 
iiypothesis is unsupported by proof, and is unnecessary,, 
because the colours might be equally well explained by 
supposing the coat of oxide gradually to increase in 
thickness. The fact that the colours appear while the 
iron is under the surface of oil, a liquid which readily 
decomposes the oxides of iron, is scarcely consistent 
■with the supposition that the colours are owing to 
oxidizement. 


^ See the curious experiments of Mr Stoddart, as related by Mr Ni- 
cholson. Nicholson s ^unrto Jour. iv. 1 2.9, 
t l.ewis, Neumsins p. 79, 
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- IlL Iron is capable of combining witb all the simple . 
combustible bodies, 

1. Hydrogen, indeed^ has never been united to it in Union with 
a solid state ; but when hydrogen gas is obtained by the 
solution of iron filings in diluted sulphuric acid, it car- 
ries along with it a little of the iron, which is gradu- 
ally deposited in the form of a brown powder on the 

sides of the jars in which the hydrogen gas is confined. 

With carbon, phosphorus, and sulphur, iron forms com- 
pounds known by the name of carburet, phosphuret^ and 
sulphuref of iron^ 

2. Carburet of iron is found native, and has been Carburst', 
long known under the names of plumbago and black 

lead* It is of a dark iron grey or blue colour, and has 
something of a metallic lustre^ It has a greasy feel, is 
soft, and blackens the fingers, or any other substance 
to which it is appliedi It is found in many parts of 
the world, especially in Britaih^, where it is manu- 
factured into pencils. It is not affected by the most 
violent heat as long as air is excluded, nor is it in the 
least altered by simple exposure to the air or to water.; 

A moderate heat produces no effect upon it, and occa- 
sions but little change in its bulk. It is used, in conse- 
quence, in making the crucibles called black had* It 
was long supposed to be incombustible. But Mr Qiiist 
published a set of experiments in the Swedish Trans- 
actions for 1754 , from which it appeared, that when 
plumbago was exposed to a strong heat in a scorifying 
dish, under a muffle^^ it yielded sulphureous JlovJers^ and 
was all wasted away except from -ith to Vvdiicii 


^ The chief mines at Keswiek in Cumberlandj and Ixi 
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rcsidaum, according to him, was a mixture of iron an^ 
tiir"^’. Dr Ltnvis repeated the experiment. The black 
lead gradually wasted away on the surface precisely 
like charcoal, and left behind it ^^th part of a dark 
brown matter, chiefly attracted by the magnet. This 
result led Dr Lewis to compare plumbago and char- 
coal with each other, and to consider them as analo- 
gous substances f. The experiments of Dr Lewis were 
carried much farther by Scheele, who published a dis- 
sertation on it in 1779. He found that none of the 
acids tried had any effect upon it ; that it reduced li- 
tharge, and other metallic oxides, precisely as charcoal 
that it detonated with nitre, emitted abundance of car- 
bonic acid *, and that 10 parts of nitre were necessary 
to consume it completely, and in that case it left only 
a little oxide of iron The experiments of Scheele 
were conflrmed and elucidated by those of Pelletier,, 
and of Vandermonde, Monge and BcrthoIIet, who ex- 
posed it in glass jars iiiied with oxygen gas to the ac- 
tion of a powerful burning-glass. Nine-tenths of it 
were consumed and converted into carbonic acid^ the 
remainder was iron. Hence they concluded that plum- 
bago is a compound of ' 

90 carbon 
.1 0 iron 


100 


It is probable that the portion of iron contained in 
plumbago is considerably less than this. In a recent 


Mr Qu?st. i" fact, used moiybdcna instead of plumbago in his ex]v> 
riincnt?; : hejit.'e the anomalous result which he obtained. 

>1 FL. 'L ■ $ Schede's in ■ ■ 
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txpenment made by Messrs Allen and Pepys, 100 pairfs Chap, iv.^ 
of plumbago, burnt in oxygen gas, left only five parts 
of oxide of iron^. * ^ 

Plumbago is formed artificially in a variety of pro- 
cesses, especially in iron works. 

3. Phosphuret of iron may be formed by fusing in Phosphuret* 
a crucible 16 parts of phosphoric glass, 16 piarts of 
iron, and half a part of charcoal powder. It is mag- 
netic, very brittle, and appears white when broken. 

When exposed to a strong heat, it melts, and the |>hos- 
phorus is dissipated f. It may be formed also by melt- 
ing together equal parts of phosphoric glass and iron 
filings. Part of the iron combines with the oxygen 
of the phosphoric glass, and is vitrified ; the rest forms 
the phosphuret, which sinks to the bottom of the cru- 
cible. It may be formed also by dropping small bits 
of phosphorus into iron filings heated red hot The 
proportions of the ingredients of this phosphuret have 
not yet been determined. It was first discovered and 
examined by Bergman, who took it for a new metal, 
and gave it the name of siderum. 

There is a particular kind of iron known by the History of 
name of cold short iron, because it is brittle when cold, 
though it be malleable when hot. Bergman § was em- 
ployed at Upsal in examining the cause of this proper- 
ty, while Meyer || was occupied at Stetln with the 


^ On t/jc quantHy of Carbon in Carbonic AdJ, Phil. Trans. 1807. 
f Pelletier, Ann. dc Chim. i. 105, | Id. Ibid. xiii. 1 13. 

§ Opnsc. iii. 109. 

(i Schri/ten dcr Berliner Ges dheh. JSfaiurf, Freunde, 1780, ii. $34. and iif. 
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Eonh r. same investigation ; and both of them discovered, nearly 

Div.S'on I. « - , . . 

at the same ume, that by means of sulphuric acid, a 

white powder could be separated from this kind of iron, 
^ which by the usual process they converted into a metal 
of a dark steel grey, exceedingly brittle, and not very 
soluble in acids. Its specific gravity was 6*700 ; it 
Was not so fusible as copper; and when combined with 
iron rendered it cold short. Both of them concluded 
that this substance was a new metal, Bergman gave it 
the name of siderumy and Meyer of hydrosiderum. But 
Klaproth soon after, recollecting that the salt composed 
of phosphoric acid and iron bore a great resemblance to 
the white powder obtained from cold short iron, sus- 
pected the presence of phosphorus in this new me- 
tal. To decide the point, he combined phosphoric 
acid and iron, and obtained, by heating it in a crucible 
along with charcoal powder % a substance exactly re- 
sembling the new metal f . Meyer, when Klaproth 

communicated to him this discovery, informed him 
that be had already satisfied himself, by a more accu- 
rate examination, that siderum contained phosphoric 
acid Soon after this, Scheele actually decomposed 
the white powder obtained from cold short iron, and 
thereby demonstrated that it is composed of phosphoric 
acid and irom^. The siderum of Bergman, liowe\^er.» 
is composed of phosphorus and iron, or it is phosphu- 




I 


^ This process in chemistry is called ndmthiK 
f CreiFs Annals, 1784. i. 390. 

J Ibid. 195. 

’I Crell, i, Hit, Eng, Trans, 





t)f iron ; the phosphoric acid being deprived of its ^ 
oxygen during the reduction 

4. Sulphuret of iron may be formed by melting to- Sulpburcj. 
gether in a crucible equal parts of iron filings and pow- 
dered sulphur. It is of a black, or very deep grey co- 
lour, brittle, and remarkably hard. When reduced^-'* 
powder, and moistened with water, the sulphur is gra 
dually converted into sulphuric acid by absorbing oxy- 
gen, while at the same time tht. iron is oxid zcd. The 
same compound may be formed by mixing together 
three parts (by weight) of iron filings, and one part of 
powdered sulphur, and putting the mixture in a glas? 
vessel upon burning coals. This mixture, as the Dutch 
chemists first ascertained, melts, and burns without the 
presence of air, just as copper filings and sulphur, 
though not with such brilliancyf. But the comb.us- 
tion, as I have observed, is remarkably brilliant, and 
,even accompanied by an explosion, if a considerable 
mixture of iron filings and sulphur be melted together 
in a covered crucible. It continues much longer than 
that of copper and sulphur. 

If equal quantities of iron filings and sulphur be mix- 
ed together, and formed into a paste witii water, the 
sulphur decomposes the water, and absorbs oxygen so 
rapidly that the mixture sometimes takes fi**', even 
though it be buried under ground. This phenomenon 
was first discovered by Lemeri ; and it was considered 


Rinmari has sh')wn that the brittleness and bad qualities of cold short 
Iron may he removed by htating it strongly with Ume'-t'aue, and with 
this the xperiments ot lievavasseur correspond. See Ann, de Chim. iliL 

331 * 

f de Miftn N - « ii^ pr. 
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by him as affording an explanation of the origin of vol« 
canoes 

From the experiments of Proust it appears that 100 
parts of iron unite by fusion to 60 of sulphur. Hence 
the sulphuret of iron is composed of 
62*5 iron 
3T5 sulphur 


lOO-Of. 

Mr Hatchett has lately discovered that this sulphu- 
ret exists native in considerable quantities, and that it 
had been long known to minei'alogists under the name 
of magnetic pyrites. Its colour is that of bronze. It has 
a metallic lustre 5 but its powder is blackish grey. Its 
specific gravity is 4*51$. It strikes fire with steel, and 
easily melts when heated. He found it composed of 
63 iron and 37 sulphur, which agrees almost exactly 
with the analysis of Proust. He has made it probable 
that the iron is not altogether in the metallic state, but 
contains about - 5 ^ part of jts w'eight of oxygen J. 

This sulphuret dissolves readily in sulphuric and 
muriatic acids, emitting abundance of sulphureted hy- 
drogen. When heated with nitric acid, a considerable 
portion of the sulphur is separated 
S'upcrsul capable of combining with an additional 

vhuret. dose of sulphur, and of forming a new compound, 


^ When this experiment was repeated by Bucquet, it did not succeed. 
Fourcroy*s y'iuieme da Connais, Chi?n, vi. 171, 
f Jout , dc P/ ‘ i\ Idi. 89. 

I Ilatchetfs Analysis of Magnetieal Pyrites^ Phil. Trans, l8o^ 

^ Hatchett, Itid, 



'Which may be called super sulphur et of iron* This com- 
pound is found native in great abundance, and has been 
long known by the name of pyrites* This substance is 
of a yellow colour, and has the metallic lustre. It is 
brittle, and suiHcieiitly hard to strike fire with steel- 
Its specific gravity is about 4*5. It usually crystalizes 
in cubes. When heated it is decomposed. In the open 
air the sulphur takes fire : in close vessels filled with 
charcoal, part of the sulphur is volatilized ; and a 
black substance remains, retaining the original form of 
the mineral, kut falling to powder on the slightest touch. 
Mr Proust has demonstrated that this black substance 
is common sulphuret of iron. Pyrites, according to 
him, when thus treated, gives out 0*20 parts of sulphur, 
and 0*80 parts of sulphuret remain behind Hence 
pyrites is composed of 

80 sulphuret of iron 
' 20 sulphur 

100 

But this method is not susceptible of great accuracy. 
Mr Hatchett has lately subjected various specimens of 
pyrites to analysis with that precision for which he is 
distinguished. The following Table exhibits a view of 
the results which he obtained f : 


Jqut, is Fhyu Hli. 89. 


I Hatchett, FbH. Tr&ns* 1804® 




j iron. 

ouipnur. 

i ucai. 

isf 

In dodecahedrons 

4-830 

4T83 

52-15 

100 

2d 

Striated cubes 


i4r50 

5Z-50 

ICO 

•rd 

Smooth cubes 

'4-831 

14T30 

52‘TO 

100 

4th 

Radiated 

4*698 

i 46*40 

53*60 

KjO 

5 th 

Snisllor do. 

4- -775 

45*^W5 

54-34 

100 


From this table we learn, that the regularly crystal- 
lized pyrites contains least sulphur, and the striated 
most ; but the greatest difference is only 2* 19 per cent. 
Common sulphuret of iron is not only attracted by 
the magnet, but may be itself converted into a magnet 
by the usual methods; but pyrites is not in the least 
obedient to the magnet, neither is it susceptible of the 
magnetic vi]*tues 

It has been long known that pure iron is not siiscejp- 
tible of retaining the properties of a magnet ; but steel, 
when once magnetized, continues permanently magnetic^ 
Now steel, as we shall see immediately, is a combina- 

MaftnetG, , 

fcionrjounrls tioti of ii'on and carbon. When the proportion of carbon 
united to iron is increased to a certain proportion, as in 
plumbago, the iron loses the property of being acted 
on by the magnet. The addition of a certain por- 
tion of sulphur likewise renders iron susceptible of 
becoming a permanent magnet. The sulphur mzj 


liatchett, FtiL Trans, 18040 
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amount to 46 per cent, without destroying this property ; 
but when it is increased to 52 per cent, the magnetism 
vanishes completely. Iron may be made permanently 
magnetic also when united to phosphorus ; but whether 
the magnetism disappears when the proportion of phos- 
phorus is increased, has not been ascertained. 

Thus it appears that pure iron is not susceptible of 
permanent magnetism. United to a portion of carbon, 
it forms a compound more or less brittle, soluble in 
muriatic acid, and susceptible of magnetic impregna- 
tion. Saturated with carbon, it becomes brittle, inso- 
luble in muriatic acid, and destitute of magnetic pro- 
perties. 

Iron, united to a portion of sulphur, forms a brittle 
compound, soluble in muriatic acid, and susceptible of 
magnetic impregnation. Saturated with sulphur, the 
compound becomes brittle, insoluble in muriatic acid, 
and destitute of magnetic properties. 

Iron, united to phosphorus, is brittle, and susceptible 
of magnetic impregnation in a great degree, and in all 
probability, by saturation, would lose its magnetic pro- 
perties altogether. 

For these facts, which are of the utmost importance^ 
we are indebted to Mr Hatchett, who was led to the 
discovery of them by his experiments on magnetic py- 
rites. Speaking generally of the carburets, sulphu- 
rets, and phosphurets of iron, I have no doubt,” says 
this sagacious philosopher, “ but that, by accurate ex- 
periments, we shall find that a certain proportion of the 
ingredients of each constitutes a maximum in the mag- 
netical power of tliese three bodies. When this max- 
imum has been ascertained, it would be proper to com- 
pare the relative magnetical power of steel (which hi- 
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therto lias alone bt^cn empiojed to form artificial mag- 
nets) with that of .snlpniiret and phosphuret of iron ; 
each being first examined m the form of a single mass 
or bar of equal weiglitj, and afterwards in the state of 
compound magnets, formed like the large horse- shoe 
magnets, by the separate arrangement of an equal num- 
ber of bars of the same substance in a box of brass. 

The effects of the above compound magnets should 
then be tried against otiicrs, composed of bars of the 
three different substances, various in number, and in 
the mode of arrangement; and hisily,, it would be in- 
teresting to make a series of experiments on chemical 
compounds, formed by uniting dificrent proportions of 
carbon, sulphur, and phosphorus, with one and the same 
mass of iron. These quadruple compounds, which, ac- 
cording to the modern chemical nomenclature, mac be 
called carburo-sulphuro phosphurets, or phospliuro-sul- 
phuro carburets, &c. of iron, are as yet unknown as to 
their chemical properties, and may also, by the investi- 
gation of their magnetical properties, aiFord some cu- 
rious results. At any rate, an unexplored field of ex- 
tensive research appears to be opened, wliich possibly 
may furnish important additions to the history of mag- 
netism 5 a branch of science wliich of late years has been 
but little augmented, and wliich, amidst the present ra- 
pid progress of human knowledge, remains immersed 
in considerable obscurity,” 

,6. There are a great many varieties of iron, which 
artists distinguish by particular names ; but all of them 
may be reduced under one or other of the three fol- 
lowing classes — Cast Iron, Wrought or Soft Iron, and 
Stech 

Cast Iron, or Pig Iron, is the name of the metal 
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wlien first extracted from its ores. The ores from which 
iron is usually obtained are composed of oxide of iron 
and clay. The object of the manufacturer is to reduce 
the oxide to the metallic state, and to separate all the 
clay with which it is combined. These two objects 
are accomplished at once, by mixing the ore reduced to 
small pieces with a certain portion of limestone and of 
charcoal, and subjecting the whole to a very violent 
heat in furnaces constructed for the purpose. The 
charcoal absorbs the oxygen of the oxide, flies off in 
the state of carbonic acid gas, and leaves the iron in the 
metallic state , the lime combines xvith the clay, and 
both together run into fusion, and form a kind of fluid 
glass ; the iron is also melted by the violence of the 
heat, and being heavier than the glass, falls down, and 
is collected at the bottom of the furnace. Thus the 
contents of the furnace are separated into two portions ; 
the glass swims at the surface, and the iron rests at the 
bottom. A hole at the lower part of the furnace is 
now opened, and the iron allowed to flow out into 
moulds prepared for its reception. 

The cast iron thus obtained is distinguished by ma- 
nufacturers into different kinds, from its colour and 
other qualities. The three following are the most rf« 
markable of these varieties : 

Ijif, White cast iron, which is extremely hard and 
brittle, and appears to be composed of a congeries of 
small crystals. It can neither be filed, bored, nor bent, 
and is very apt to break when suddenly heated or 
cooled. 

2r/, Grey or mottled cast iron, so called from the ine- 
quality of its colour. Its texture is granulated. It is 
much softer, and less brittle^, than the last variety^ and 
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may be cut, bored, and turned on the lath. Artillery 
is made of it, 

3d, Black cast iron, is the most unequal in its tex- 
ture, the most fusible, and least cohesive of the three ^ 

Cast iron melts when heated to about 130° Wedge- 
wood. Its specific gravity varies from 7'2 to 7*0. It 
contracts considerably when it comes into fusion. It is 
converted into soft, or malleable iron, by a process 
which is considered as a 7'efLne77ient of it ; and hence the 
furnace in which the operation is performed is called a 
finery. , 

This was usually done in this country by keeping 
the iron melted for a considerable time in abed of 
charcoal and ashes, and the scoriae of iron, and then 
forging it repeatedly till it became compact and mal- 
leable. The process varies considerably in different 
countries, according to the nature of the fuel, and of the 
ore from which the iron was obtained ; and the quality 
of the iron obtained is equally various. Mr Cort, about 
16 years ago, proposed a new method, which succeeded 
in converting every kind of cast iron into malleable iron 
of the best quality. The cast iron is melted in a rever- 
beratory furnace by means of the flame of the com- 
bustibles, which is made to play upon its surface. 
While melted, it is constantly stirred by a workman, 
that every part of it may be exposed to the air. In 
about an hour the hottest part of the mass begins to 
lieave and swell, and to emit a lambent blue flame. 
This continues nearly an hour; and by that time the 
conversion is completed. The heaving is evidently 


\ 
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prcxiuccd hy the emission of an elastic fluid As the 
process advances, the iron gradually acquires more con- 
sistency ; and at last, notwithstanding the continuance 
©f the heat, it congeals altogether. It is then taken 
while hot, and hammered violently by means of a heavy 
hammer driven by machinery. This not only makes 
the particles of iron approach nearer each other, but 
drives away several impurities which would otherwise 
continue attached to the iron. 

In this state it is the substance described in this Sec- 
tion under the name of Iron. As it has never yet been 
decomposed, it is considered at present when pure as a 
simple body ; but it has seldom or never been found 
without some small mixture of foreign substances. 
These substances are either some of the other metals^ 
©r oxygen, carbon, or phosphorus. 

When small pieces of iron are stratified in a close 
crucible, with a sufficient quantity of charcoal powder, 
and kept in a strong red heat for eight or ten hours, 
they are converted into Steel f, which is distinguish- 
ed from iron by the following properties. 

It is so hard as to be unmalleable while cold, or at 
least it acquires this property by being immersed while 
ignited into a cold liquid : for this immersion, though 
it has no effect upon iron, adds greatly to the hardness 
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It is brittle, resists the file, cuts glass, affords sparks 
with flint, and retains the magnetic virtue for any length 
of time. It loses this hardness by being ignited and 


^ Bedtloes. P’/L Tr'jn^ I79r- 
t This pKpeess is called timaitatiQiu 
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Biviaon L jj. -g niaileable when red hot, but scarcely so 

when raised to a white heat. It maybe hammered out 
into much thinner plates than iron. It is more sono- 
rous; and its specific gravity, when hammered, is great- 
er than that of iron, varying from T7S to 7*84. 

By being repeatedly ignited in an open vessel, and 
liammered, it becomes njo^'ought iron 
Nature of -y ^ These different kinds of iron have been long known, 
tie‘j ^ and the converting of them into each other has been 

jiracdsed in very remote ages. Many attempts have 
been made to explain the manner in which this conver- 
sion is accomplished. According to Pliny, steel owes 
its peculiar properties chiefly to the water into which it 
is plunged in order to be cooled f . Beecher supposed 
that fire was the only agent ; that it entered into the 
iron, and converted it into steel. Reaumur was the 
first wdio attended accurately to the process ; and his nu- 
merous experiments contributed much to elucidate the 
subject. He supposed that iron is converted into steel 
by combining with saline and oily or sulphureous par- 
ticles, and that these are introduced by the fire. But it 
was the analysis of Bergman, published in 1781, that first 
paved the way to the explanation of the nature of theses 
different species of iron J. 

By dissolving in diluted sulphuric acid 100 parts of 
cast iron, he obtained, at an average, 42 ounce mea- 
sures of hydrogen gas; from 100 parts of steel he ob« 
taied 48 ounce measures ; and from 100 parts of 

« -Or Pearson on Wootz^ Phil. Trans. 
t Pliny, lib. xxnv, 14. • . ' | Qpusc^ ill, 
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wrought iron, 50 ounce measures. From 100 parts of Chap, 
cast iron, he obtained, at an average, 2*2 of plumbago, 
or ^*-^5 from 100 parts of steel, 0*5, or ; and from 
100 parts of wrought iron, 0 * 12 , or From this 

analysis he concluded, that cast iron contains the lease 
phlogiston, steel more, and wrought iron most of all ^ 
for the hydrogen gas was at that time considered as an. 
indication of the phlogiston contained in the metaL He 
concluded, too, that cast iron and steel differ from pure 
iron in containing plumbago, Mr Grignon, in hi.s 
notes oh this analysis, endeavoured to prove, that plum- 
bago is not essentially a part of cast iron and steel, but 
that it was merely accidentally present. But Bergman^ 
after considering his objections, wrote to Morveau on 
the 18th November 1783, “I -will acknovvledge my 
mistake whenever Mr Grignon sends me a single bit 
of cast iron or steel which does not contain plumbago 
and I beg of you, my dear friend, to endeavour to dis- 
cover some and to send them to me ; for if l ani 
wrong, I wish to be undeceived as soon as possible f.’* 

This was almost the last action of the illustrious Berg- 
man. He died a few months after at the age of 49, 
leaving behind him a most brilliant reputationj which 
no man ever more deservedly acquired. His industry, 
his indefatigable, his astonishing industry, would alone 
have contributed much to establish his name; his 
tensive knowledge ^voiild alone have attrp.cted the at- 

o 

tent’ion of philosophers ; his ingenuity, penetration, and 
accurate judgment, would alone have secured their ap- 


* ScKecle had previous^'' observed, that pliihibago is obtained v/hce 
some feinds of iron iire dissolved in sulphuric acid. See his Dissertation on 
plumbago, ' 

' f • Mbrveau, Encyc. Method, Chifn, i. 44S, ' * ■ ’ 
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plause ; and his candour and love of truth procured him 
the confidence and the esteem of the world. — But all 
these qualities were united in Bergman^ and conspired 
to form one of the noblest characters that ever adorned 
human nature. 

The experiments of Bergman were repeated, varied^ 
and extended, by Vandermonde, Monge, and Berthol- 
let, who published an admirable dissertation on the 
subject in the Memoirs of the French Academy for 1186. 
These philosophers, by an ingenious application of the 
theoretical discoveries of Mr Lavoisier and his associ- 
ates, were enabled to explain the nature of these three 
substances in a satisfactory manner. By their experi- 
ments, together with the subsequent ones of Clouet, 
Vauquelin, and Morveau, the following facts have been 
established. 

Wrought iron is a simple substance, and if perfectly 
pure would contain nothing but iron* 

Steel is iron combined with a small portion of car- 
bon, and has been for that reason called carbureted iron^ 
The proportion of carbon has not been ascertained with 
much precision. From the analysis of Vauquelin, it 
amounts at an average, to -j-Ly p'U’t Mr Clouet 
seems to affirm that it amounts to yV j but he has 
not puplished the experiments which led him to a pro- 
portion, which so far exceeds what has been obtained 
by other chemists t* 

That steel is composed of iron combined with car- 


* Ann, Chim, xxii. r. 

t Mr Clouet's words are as follows : ** Lc ckarbon s'utilt au fer m 
diffcTcnres proportions; et a n'csurequc ccs proportions varient, Ics pro- 
dijits varient anssi. Un erewtc-deuxtccne de cliarbcMS suffit pour rendr^k 
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botii beeti !^ili fa’rtha: confirmed by Mor^eait,' 
who formed steel by combining together dire^ctly iron 
and diampnd. At the suggestion of Clouet^ he enclosed 
a diamond in a small crucible of pure iron, and ex- 
posed it completely covered up in a common cru- 
cible to a sufficient heat. The diamond disappeared, 
and the iron was converted into steel. The diamond 
weighed 901 parts> the iron 57,800, and the steel ob* 
tained 56,384 | so that 3,313 parts of the iron had been 
lost in the operation ** From this experiment it fol^^ 
lows, that steel contains about ^ of its weight of car- 
bon. This experiment was objected to by Mr Mush- 
et j but the objections were refuted by Sir George' 

M'Kenzief- 

Rinman, long ago^ pointed but a method by which 
steel may be distinguished from iron. When a lit- 
tle diluted nitric acid is dropt upon a plate of steel,’ 
allowed to remain a few minutes, and then washed 
off, it leaves- behind it a black spot ; whereas the spot 
formed by nitric acid on iron is whitish green. We 
can easily see the reason of the black spot : it is dfWing 
to the carbon of the iron which is left undissolved by 
the acid* ^ 

Cast iron is iron combined with a still greater pro- 
portion of carbon than is necessary for forming steels 
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fer aclcr ; cette dose varie cependant dans les experiences, a cause dc 
rin%ale intensity du feu et de la porosit6 dcs creusets ; en augmentant 
la dose dc charbon, la qualit^ de I’acier augmente aussi ; mais il devient 
toujours de plus en plus difficile a forger, ct plusfacilc a ramollir au feu.’^ 
Jour, de Nhn. Aru vii. 3. 

^ Ann. de Chinu XXXi. 3a8. 
f Nicholson’s Journal^ iv. 1 03. 
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The quantity has not yet been ascertained with preci- 
sion : Mr Clouet makes it amount to ^th of the iron. 
The blackness of the colour, and the fusibility of cast 
iron, are proportional to the quantity of carbon which 
it contains. Cast iron is almost always contaminated 
with foreign ingredients : These are chiefly oxide of 
iron, phosphuret of iron, and silica 

8. It is easy to see why iron is obtained from 
its ore in the state of cast iron. The quantity of 
charcoal, along with which the ore is fused, is so great, 
that the iron has an opportunity of saturating itself 
with it. 

The conversion of cast iron into wrought iron is ef- 
fected by burning away the charcoal, and depriving the 
iron wholly of oxygen : this is accomplished by heat- 
ing it violently while exposed to the air Mr Clouet 
has found, that when cast iron is mixed with ^th of its 
weight of black oxide of iron, and heated violently, it 
is equally converted into pure iron. The oxygen of the 
oxide, and the carbon of the cast iron, combine, and 
leav® the iron in a state of purity f. 

The common method of refining cast iron is nothing 
else than this process of Clouet, as has been pointed out 
by Dr Black. A considerable quantity of the iron, 
(about 4d) is scorified or converted into black oxide of 
iron, known when melted by the name of ji/rerj/ cinder 


§ A substance which shall be described in the next Book. 

* A detailed account of the process used at Sheffield for conrerkmg 
cast iron into pure iron, has been published by Mr Collier in the 5th vo» 
lume of the Manche r emoirs^ . lAi. 
f Jour, de Min, ’ . vii. p. 8. 

I The French name for chi# is hitUr-, 


IRON, 


243 


This beidg mfaed with the melted irbn, ^nd the heat 
increased, the oxide acts upon the carbon^ and both mu- 
tually decompose each other. The nicety of the ope- 
ration depends Qn. knowing how far to carry the cal- 
cinalaoini of the iron, that there may be just sufficient 
to consume the whole of the carbon. Much more, 
however, is actually formed in the large manufac- 
tories. 

The conversion of iron into steel is effected by com- 
bining it with carbon. This combination is performed 
in the large way by three different processes, and the 
products are distinguished by the names of natural steel, 
steel of cement ation, and cast steel. 

Natural steel is obtained from the ore by converting 
it first into cast iron, and then exposing the cast iron to 
a violent heat in a furnace while its surface is covered 
with a mass of melted scoriae five or six inches deep. 
Part of the carbon is supposed to combine with the oxy- 
gen which cast iron contains, and to fiy off in the state 
of carbonic acid gas. The remainder combines with 
the pure iron and constitutes it steel*. This steel 
is inferior to the other species ; its quality is not the 
same throughout, it is softer, aid not so apt to break ; 
and as the process by which it is obtained is less 
expensive, it is sold at a lower price than the other 
species. 

Steel of cementation is made by stratifying bars of 
^ pure iron and charcoal powder alternately in large 
earthen troughs or crucibles, the mouths of which are 
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* A detailed account of this process, as performed in .different iron 
works, may be seen in the Jour- de Mw.No, iv. p. 3. 
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carefullj closed up with clay. These troughs are put 
into a furnace, and kept sufficiently hot till the bars of 
iron are convered into .steel, which usually requires 
eight or ten days This process was invented, or at 
least first practised to any extent, in Britain. The bars 
. of steel thus formed are know^n in this country by the 
name of hUHered steely because their surface is covered 
here and there with a kind of blister of the metal, as 
if an elastic fiuid had been confined in different parts of 
it. When drawn out into smaller bars by the hammer, 
it receives the name of tilted steely from the hammer 
employed* . When broken to. pieces, and welded repeat- 
edly in a furnace, and then drawn out into bars, it is 
called German or shear steel Steel of cementation 
has a .fine grain, is equal, harder, and more elastic. 

. than natural steeL 

Cast steel; is the most valuable of all, as its texture is 
most compact, and it* admits of the finest polish. It is 
used for razors, surgeon’s instruments, and other simi- 
lar purposes. It is more fusible than common steel, 
and for that reason cannot be welded with iron : it melts 
before it can be heated high enough. The method of 
making it was discovered about 1*750 by Mr Huntsman 
of Sheffield, who still continues to manufacture it. The 
process was for some time kept secret ; but it is now 
well known in this country, and other manufacturers 
succeed in it equally well with the original discoverer* 
It consists in fusing blistered steel in a close crucible,. 


^ The process is described at large by Mr Collier in the ManchesUr 

V. 117. 

f Collier, M.anchesttr ikTcrwo/r/, y. 117. 
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mixed with a certain proportion of pounded glass and 
charcoal powder* It maj be formed also, according to 
the experiments of Clouet, by melting together 30 parts 
of iron, one part of charcoal, and one part of pounded 
glass ; or by surrounding iron in a crucible with a mix- 
ture of equal parts of chalk and clay, and heating the 
crucible gradually to a white heat, and keeping it a suf- 
ficient time in that state^. The carbon, according to 
Clouet, is obtained by the decomposition of the carbo- 
nic acid, which exists abundantly in the chalk; one 
part of the iron combining with the oxygen of this acid, 
while the other part combines with the carbon f . But 
the subsequent experiments of Mr Mushet have render- 
ed it very probable that this theory is erroneous, and 
that the steel obtained by Clouet w^as owing to some 
other unobserved circumstance : for when he repeated 
it with all possible precision, he obtained only iron 
which had been melted, and thereby altered in its tex- 
ture and appearance, but not converted into steel J. 
From the experiments of Clouet, it does not appear that 
the presence of glass is necessary to constitute cast steel ; 
the only essential ingredients seem to be iron and car- 
bon : but the quantity of carbon is greater than in com- 
mon steel, .and this seems to constitute the difference 
between these two substances. 

9. From the preceding detail, it is obvious that iron 
and carbon are capable of combining together in a va- 
riety of different proportions. When the carbon ex- 
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* When the iron exceeds, the compound is steel or cast 
iron in various states, according to the proportion. All 
these compounds may be considered as suhcarhurets of 
iron. The most complete detail of experiments on these 
various compounds which have appeared in this coun- 
try are those of Mr Mushet, published in the Philoso- 
phical Magazine. This ingenious practical chemist has 
observed, that the hardness of iron increases with the 
proportion of charcoal with which it combines, till the 
carbon amounts to about of the whole mass. The 
hardness is then a maximum ; the metal acquires the 
colour of silver, loses its granulated appearance, and 
assumes a crystallized form. If more carbon be added 
to the compound, the hardness diminishes in propor- 
tion to its quantity 

The following Table, by the same ingenious che* 
mist, exhibits the proportion of charcoal which disap- 
peared during the conversion of iron to the different 
varieties of subcarburet known in commerce f. 


Subcarbu- 

rets of iron, i 

TIT'S' 

T 

TTS- 

z 

TTT 

I 

TT 

X 

TTT 

X 

TV 


Soft cast steel 

Common cast steel 

The same, but harder 

The same, too hard for drawing 

White cast iron 

Mottled cast iron 

Black cast iron. 


IV, Iron does not combine with azote. Muriatic 


^ Fbilf Mag. xui. 138. 
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acid gas oxidizes it, and combines with the oxide, un- 
less the gas be freed from water, 

V, Iron combines with most metals. 

1. Iron unites very readily with gold by fusion in 
all its states of soft iron, cast iron, and steel. The alloy 
was examined by Mr Hatchett, who found it remarka- 
bly ductile when composed of 11 gold and one iron. 
It was easily rolled into plates, cut into blocks, and 
stamped into coin, without its being necessary to anneal 
it. The colour was a pale yellowish grey aiiproaching 
to a dull white ; its specific gravity was 16*885. The 
bulk of the metals before fusion was 2799 ; after their 
union the bulk was 2843 . Hence they suffer an ex- 
pansion, as had been previously noticed by Gellert. 
Suppose the bulk before union to have been 1000, af- 
ter union it becomes 1015 * 7 *. This alloy is harder 
than gold. Dr Lewis even says that it is fit for ma- 
king edge-tools ; but in that case the proportion of iron 
was doubtless increased. When the iron is three or 
four times the quantity of gold, the alloy, accord- 
ing to Dr Lewis, has the colour of silver f : according 
to Wallerius it still continues magnetic J. Gold answers 
well as a solder for iron. 

2. Platinum is usually found alloyed with iron. Dr 
Lewis did not succeed in his attempts to unite these 
metals by fusion, but he melted together cast iron and 
crude platina, and likewise steel and crude platina. 
The alloy was excessively hard, very tough, and pos- 
sessed some ductility when the iron was about |ths of 


• Hatchett on the Alloys of Goldf p* 37. 
f Pith Com. p. S5, t Wasiir^er^i i, 1 1 5. 
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the alloy. The specific gravity greatly exceeded the 
mean ; the platina having destroyed the property 
which cast iron has of expanding when it becomes so- 
lid. This alloy, after being kept ten years, was very 
little tarnished. At a red heat it was brittle, and ap- 
peared, when broken, to be connposed of black grainsf^ 
without any metallic lustre 

3. The alloy of silver and iron has not been exa- 
mined by modern chemists. According to Wallerius, 
the metals unite readily by fusion, and when the quan- 
tity of each is equal, the alloy has the colour of silver, 
but it is harder ; it is very ductile, and is attracted by 
the magnet +. Morveau:|: has shown, that when this 
alloy is kept in fusion, the metals separate from each 
other according to their specific gravity, forming two 
buttons, exceedingly distinct. Neither of these, how- 
ever, is in a state of purity. The silver retains a little 
iron, which makes it obedient to the magnet. Cour 
lomb has shown, that the proportion of Iron which re- 
mained in the silver amounts to yx-^.th part. The iron, 
on the other hand, retains about ^ of its weight of 
silver; which gives it an excessive hardness and com- 
pactness of structure, of which pure iron is destitute |[^ 
4; Iron is not acted on by mercury : accordingly this 
last metal is usually kept in vessels of iron. Mr Ar- 
thur Aiken, however, has lately shown that these two 
metals may be combined together. To form an amal- 
gam of iron, he triturates together iron filings, and the 
amalgam of the metal called and adds to the mix- 


^ PhlL Com. p. 534, and 551, 
I Jour* de Fhyt* i/jZti 


f Wasterherg^ i. 156. 

Ij Ann^ de Cifim, xliii'. 47* 
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ture a solution of iron in muriatic acid. By kneading Cha p. 
this mixture, and heating it, the iron and mercury which 
combine together gradually assume the metallic lustre*. 

5 . Iron may be united to copper by fusion, but not Copper, 
without considerable difficulty. The alloy has been 
applied to no use. It is of a grey colour, has but little 
ductility, and is much less fusible than copper. The- 
nard has ascertained, that it is attracted by the magnet, 
even when the iron constitutes only -j^th of the alloyt* 

Mr Levavasseur has published some observations, which 
render it probable that the variety of iron called hot 
short iron, because it is brittle when red hot, sometimes 
owes its peculiarities to the presence of copper. This 
variety possesses a greater degree of tenacity than com- 
mon iron, and therefore answers better for some pur- 
poses. It may be hammered when white hot. As 
soon as it cools, so far as to assume a brown colour, the . 
forging must be stopt till it becomes of an obscure 
cherry red, and then it may be continued till the iron 
is quite cold f. 


* PhiL Mag. xiii. 416. 
I IbiJ, ilU, 183. 


f Ann, ic Cbim^ 1 . 13 1« 
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SECT. XI. 

OF N I C K I L. 

3-^eRE 5s found in different parts of Gertnanj a 
keaTy na:ineral of a reddish brown colour, not unlike 
copper » When exposed to the air, it gradually loses 
its lustre, becomes at first brownish, and is at last co- 
Tcrcd with green spots. It was at first taken for an 
.’•arc of copper ; but as none of that metal can be ex- 
tracted from it, the miners gave it the came of Kupfer-» 
%ichely or ** false copper.’^ Hierne, who may be con- 
sidered as the father of the Swedish chemists, is the 
first person who mentions this mineral. He gives a 
description of it in a book published by him in 1694 , 
on the art of detecting metals. It was generally con- 
sidered hy mineralogists as an ore of copper, till it 
was examined by the celebrated Cronstedt. He con- 
xluded from his experiments, which w^ere published in 
the Stockholm Transactions for 1751 and 1754, that it 
contained a new metal, to which he gave the name of 
nicieL 

This opinion was embraced by all the Swedes, and 
indeed by the greater number of chemical philosophers* 
Some, however, particularly Sage and Monnet, affirm- 
ed that it contained no new metal, but merely a com- 
pound of various knowm metals, which could be sepa- 
rated from each other by the usual processes. These 
assertions induced Bergman to undertake a very labo- 
rious course of experiments, int)rder if possible to ob- 
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tain in a state of purity ; for Cronstedt had not Chnp . 

been able to separate a quantity of arsenic, cobalt, and 
iron, which adhered to it with much obstinacy* These 
experiments, which were published in 1775% fully 
confirmed the conclusions of Cronstedt. Bergman has 
shown that nickel possesses peculiar properties ; and 
that it can neither be reduced to any other metal, nor 
formed artificially by any combination of metals. It 
must therefore be considered as a peculiar metal. It 
may possibly be a compound, and so may likewise 
many other metals ; but we must admit every thing to 
be a peculiar body which has peculiar properties, and 
we must admit every body to be simple till some proof 
be actually produced that it is a compound ; otherwise 
we forsake the road of science, and get into the regions 
of fancy and romance. 

Nickel is rather a scarce mineral, and it occurs al- 
ways in combination with several other metals, from 
which it is exceedingly difficult to separate it. These 
metals disguise its properties, and account in some mea- 
sure for the hesitation with which it was admitted as % 
peculiar metal. Since the great improvements thali§ 
have been introduced into the art of analysing minerals, 
chemists of eminence have bestowed much pains upon, 
this metal, and a variety of processes have been pub- 
lished for procuring it in a state of purity. For the 
brittle metal that is sold under the name of nickel con- 
tains abundance of iron and arsenic, and some cobalt, 
copper, and bismuth. The first set of experiments, af- 
ter those of Bergman, made expressly to purify nickel. 


Bergman, ii. 
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^ok L are those of the School of Mines of Paris, of which 
Fourcroj has published an abstract Their method 
was tedious and incomplete. Since the publication of 
these experiments, no less than six other processes have 
been proposed by chemists, all of them ingenious, and 
attended each with peculiar advantages and inconve- 
niences f . 

rmpcrties. L Nickel, when as pure as possible, is of a fine white 
colour resembling silver ; and, like that metal, it leaves 
a white trace when rubbed upon the polished surface 
of a hard stone J. 

Its hardness is 8^, so that It is rather softer than iron. 
Its specific gravity, according to Richter, after being 
melted,, is 8*219; but when hammered, it becomes 
8-(366§v 


Ii is malleable both cold and- hot ; and may without 
‘difficulty be hammered out into plates not exceeding 
the hundredth part of an inch in thickness [|. 

It, is attracted by the magnet at least as strongly as 
iron. Like that metal, it may be converted into a mag- 
net ; and in that state points to the north when freely 
suspended precisely as a common magnetic needle 


* Vtscours Frdiminalre^ P« ^ * 7 * 

f Mr Philips published a process in P/ 5 / 7 . Mag. xvi, 31a ; Proust ano- 
ther in /pt/r. ds fhys.Wvu 169; Thenard another, in Ann.de CMm. 1 . 
117 ; Bucholz another, in Gehien’s Joar: ih and liL aoi; Richter 
a fifth, Ihid. iii. ^44; and Proust a sixth, Ann. de - .him. lx. These 

processes will come under our consideration in a subseejuent part of this 
"Work. It is to Richter that we are indebted for the most precise ac- 
count of the properties of th& metal. 

J Fourcroy, Dhcours Prelimnairey p. ny, 

5 Gehisn's Jour. iii. a5t. jj Richter, Hid. 

^ Bergman, Klaproth, Fourcroy, Richter, &c. — Mr Chenevix had 
announced a method of procuring nickel which was not magnetic ; but 
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It requires for fusion a temperature at least equal to 
160® Wedgewood It has not hitherto been crystal- 
lized* 

It is not altered by exposure to the air, nor by keep- 
ing it under water f- 

IL Nickel, when moderatly heated, is soon tarnish- Osddijj, 
cd ; and if in powder, it is even converted into an ox- 
ide 5 but a strong, heat reduces it again to the metallic 
state. For the oxides of nickel, like those of gold, are 
decomposed by heat J, We are at present acquainted 
with two oxides of Nickel ; the colour of the ^rotoX’- 
idt is greenisl), that of the peroxide black. 

1. The protoxide is easily procured by means of ni- Protoxide, 
trie acid. In that acid it dissolves with effervescence, 
and forms a fine grass coloured solution. Carbonate of 
• potash throws it down of an apple green colour, and 
pure potash of a deeper green. When dried and expo- 
sed to a faint red heat, its colour darkens to olive green, 

' or even to blackish grey j. In this state it may be 
considered as the protoxide of nickel tiearly pure. By 
this treatment 100 parts of nickel are converted into 
128 of oxide ||, of nearly 

78 nickel 
22 oxygen 

100 


ht afterwards ascertained, that it owed this peculiarity to the presence 
of arsenic. 

^ Bergman, ii. 369. According to Richter, its melting point is as 
high as that of manganese, 

f Richter, IIU. | Ibid. p. 2.54. 

§ Olive green was the colour in my trials. Richter obtained it grey- 
ish black. II Richter, Zi/V. p, 258. 
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According to the experiments of Proust, the proportion 
of oxygen which it contains is not quite so much. He 
obtained from 100 parts of nickel 125 or 126 of prot- 
oxide, indicating a compound of 80 nickel and 20 oxy- 
gen ^ 

This oxide is tasteless, soluble in the acids, and forms 
with them a grass green solution. It is soluble also in 
ammonia, and the solution, according to Richter, is pale 
blue. 

2. The peroxide of nickel was first examined T>y 
Theiiard. It may be formed by causing a current of 
oxymuriatic acid to pass through water holding prot- 
oxide of nickel suspended in it ; a portion is dissolved, 
and the rest acquires a black colour. This oxide is 
soluble in ammonia as well as the last ; but the solu- 
tion is accompanied with effervescence, owing to the de- 
composition of a part of the ammonia by the combina- 
tion of its hydrogen with part of the oxygen of the ox- 
ide. A similar effervescence accompanies its solution 
in acids, occasioned by the separation of a portion of its 
oxygen in the state of gas. This oxide is soluble like- 
wise in ammonia f . The proportion of its oxygen has 
.not been ascertained. 

III. Nickel has not been combined withj carbon nor 
hydrogen ; but it combines readily with sulphur and 
phosphorus- 

Cronstedt found, that sulphuret of nickel may be ea- 
sily formed by fusion. The sulphuret which he ob- 
tained was yellow and hard, with small sparkling fa- 
cets j but the nickel which he employed was impure. 


# Ann* de Chim, ll. ^* 1 %* 


f Th g ard, Ann* de Cbm* J* 1^5. 
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Piiosphiarct of nickel may be formed eitbex by fusing 
nickel along with phosphori-c glass, or by dropping 
phosphorus into it while red hot. It is of a white co- 
lour ; and when broke, it exhibits the appearance of 
very slender prisms collected together. When heate^ 
the phosphorus burns, and the metal is oxidated. It is 
composed of 83 parts of nickel and 17 of phosphorus 
The nickel, however, on which this experiment was 
made, was not pure. 

IV. Nickel is not acted upon by azote, nor does it 
combine with muriatic acid. 

V. The allots of this metal are but very imperfectly 
known. 

Mr Hatchett melted a mixture of 11 gold and one 
nickel, and obtained an alloy of the colour of fine brass. 
It was brittle, and broke with a coarse-grained earthy 
fracture. The specific gravity of the gold was 19*172; 
of the nickel 7*8 ; that of the alloy 17*068. The bulk 
of the metals before fusion was 2792, after fusion 2812; 
Hence they suffered an expansion. Had their bulk be- 
fore fusion been lOOO, after fusion it would have be- 
come 1007. When the proportion of nickel is dimi- 
nished, and co^iper substituted for it, the brittleness of 
the alloy gradually diminishes, and its colour approach- 
es to that of gold. The expansion, as was to be expect- 
ed, increases with the proportion of copper introducedf. 

With copper this metal is said to form a white, hard, 
brittle alloy, easily oxidized when exposed to the air: 
with iron it combines very readily, and forms an alloy 
whose properties have not been sufficiently examined ; 


CJ2iip.fV« 

g 




GoliSj 


Other me# 

tab. 


^ Pelletier, Ann.de Cbim, xiii. I35, 
f Hatchett on the Alloys of GoA/, p. 
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Book L With tin it forms a whit6, hard, brittle mass, whicfl 
Division • gyjrells Up when heated ; with lead it does not combine 
without difficulty : with silver and mercury it refuses 
to unite : its combination with platinum has not been 
tried*. 

But as all these trials were made with impure nick- 
el, little dependance can be placed upon their precision^ 


SECT. XII. 

OF NICCOLANXJM. 

Thqugh this metal, announced some years ago by 
Richter, has not hitherto been examined nor recogni- 
zed by other chemists , and though Richter does not 
appear quite satisfied with respect to its peculiar nature 5 
yet as the properties which he pointed out seem to be 
peculiar, and as it may throw light on the composition 
of the ores of nickel hitherto but imperfectly analysed j 
it ought not to be omitted in this place. Richter gave 
it the name of niccolanuniy because it always accompa- 
nies nickel in the ores of that metal f . 

He had been occupied for a considerable time in pu- 
rifying nickel, and had collected about half a pound of 
the oxide of that metal, from which he expected at least 
a quarter of a pound of metallic nickel. But upon ex- 


^ Cronstedt. 


f See Gchlcrf s Iqut. r?, 39®^ 
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|)osing it to a sufficientlj strong heat, hotraore than one 
ounce of nickel could be obtained : the rest was convert- 
ed to a kind of scoria. This matter was reduced to 
powder, mixed with charcoal^ and exposed for 18 
hours to the strongest heat of a porcelain furnace. By 
this means, under a blackish brown scoria, there was 
found a metallic button which weighed 2^ ounces. It 
was to this metallic button thus obtained that Richter 
gave the name of niccotamim^ 

1. Its colour is steel grey with a shade of red. It 
exhibits a coarse granular structure when broken. It 
is slightly malleable 'when cold, but not when red hot. 
It is attracted by the magnet, but not so powerfully as 
nickel, though (according to Ritter f ) more powerful- 
ly than cobalt. Its specific gravity after fusion is 8'55 ^ 
when hammered 8’(30. 

2. It dissolves in nitric acid more readily than nick-» 
el. The solution has a blackish green colour j and^ 
when poncentrated, gelatinizes. When the acid is dri- 
ven ofF^ a blackish powder remains^ which is the per- 
oxide of niccolanum. 

3. This oxide is insoluble in nitrid acid^ unless some 
sugar or alcohol be added to the mixture. It dissolves 
in muriatic acid, while oxymuriatic acid exhales- The 
solution is dark green \ when evaporated to dryness, it 
assumes a red colour, blit becomes again green as it at- 
tracts moisture from the atmosphere- 

4. The sulphate of niccolanum exhibits the same 
phenomena. 

5 . Carbonate of potash throws down niccolanum 


Chap. tv. 


properticSi 


VoL L 


* GtHtn’s /doH V. 394. 
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from its solutions of a pale blue colour ; pure potasb^^ 
of a dark greenish blue. Ammonia renders the solu-* 
tion of niccolanum red, but occasions no precipitate. 

6. There are two oxides of niccolanum ; the first is 
greenish blue, the second ' black. Neither of them is 
reducible per se» The last does not combine with 
acids 


SECT. XIIL 

OF TIN. 

lTin was known to the ancients iii the most re- 
mote ages. The Phcenicians procured it from Spain f 
and from Britain, with which nations they carried on 
a very lucrative commerce. At how early a period 
they imported this metal we may easily conceive, if wc 
recollect that it was in Common use in the time of 
Moses t. 

Properties. 1. This metal has a fine white colour like silver; 

and when fresh, its brilliancy is very great. It has a 
slightly disagreeable taste, aiid emits a peculiar smell 
when rubbed. 

2. Its hardness is 6 §. Its specific gravity is 7*291 ; 
after hammering, 7*299 

3 . It is very malleable : tin leaf, or iinfoii as it is 


^ Gehlen’s Jour, iv. 39.x. 
f Pliny, lib. iv, cap. 34. and Kb. xxxiv.cap. 47. 

I Numbers xixi. aa. § Khwan’^8 Miner. Vu 194^ 

Brisson, 
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«ialle(i, IS aijbut P^rt of an inch thick, arid it iriight 
be beat out into leaves as thin again if siieh were want- 
ed for the purposes of art. Its ductility and tenacity 
are much inferior to that of any of the metals hitherto 
described- A tin wire -tt-.t inch in diameter is capable 
of supporting a weight of 31 pounds only without 
breaking*. Tin is very flexible^ and produces a re- 
markable crackling noise when bended. 

4. Whenheated to the temperature of 442^f Itiiielts j 
but a very violent heat is necessary to cause it to eva- 
porate* When Cooled slowly^ it may be obtained crys- 
tallized in the form of a rhomboidal prism. Ji 

11. Wlien exposed to the air it very soon loses its 
lustre, and assumes a greyish white ^colour, but under- 
goes no farther change j neither is it Sensibly altered 
by being kept uiider cold Water ; but when the steam 
of Water Is made to pass over red hot tin, it is decom- 
posed^ the tin iS oxidated^ and hydrogen gaS is evoU 
Ved §4 

When tiri is iiielted in an open i-esseh its surface be- 
comes very sobri Covered with a grey powdery which 
is an oxide of the metal. If the heat be continued^ the 
Colour of the powder gradually changes^ and at last it 
becomes yellow. When tin is heated Very -riolently 
in an open vessel, It takes fire^ and is converted into a 
fine white oxide, which may be obtained in crystals* 
Mr Proust has demonstrated^ that tin is capable of 
Combining with thrfee different proportions of oxygen, 
and of^ forming three oxides ; the two last of which ar©i 

' i ' 


Chap,.m 


Oxides 


^ Musclienbroeck. f Crichton, P&iL Ma^. xv, 14^* 

!| Pajbt, yoj/r, dr Phys, ixxvlii. 52. 
f Bouillon La Grange, ds Cbm, xxxv. 2oS» 
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usually distinguislied, on account of their colour, by 
names ot thejel/ow and the white oxide || ; though the 
first when pure has a grey colour, and a good deal of 
the metallic lustre. 

1. The grey oxide is formed when tin is exposed to 
a moderate heat for some time ; but in that case it is 
never pure. It may, however, he obtained in a state 
of purity by the following method ; Dissolve tin in 
muriatic acid,, either by means of heat, or by adding a 
little nitric acid occasionally. When the solution is com- 
pleted, add to it an excess of potash ; a white powder 
falls, but is partly taken up again. But the remainder, 
on standing, assurties a dark grey colour, and even a 
metallic lustre j this remainder is pure grey oxide of 
tin It is tasteless, readily soluble in acids, and gra- 
dually in potash ; and when united to other bodies, it ab- 
sorbs oxygen with great avidity. According to the ana- 
lysis of Proust, 100 parts of tin, when reduced to the 
state of grey oxide, combine with 25 of oxygen. Hence 
it is composed of 

80 tin 
20 oxygen 

100 

Peroxide. 2. The peroxide may be obtained by heating tin in 
concentrated nitric acid. A violent eiFervescence en- 
sues, and the whole of the tin is converted into a white 
powder, which is deposited at the bottom of the vesseL 
It is composed of about 28 parts of oxygen and 72 of 


|] xxviii. aij. 

^ Bet Proast, and Berthollet, junior, Statr^uc Chml^w, ll 457^ 
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tin. This o±ide is' not altered by exposure to the air. 
It dissolves very readily in potash, and likewise in mu- 
riatic acid. 

3 . The ^existence of the third oxide, which is in fact 
a protoxide of tin, has been lately ascertained bj Proust, 
though he has not succeeded in obtaining it in a sepa- 
rate state, nor in ascertaining the proportion of oXygen 
which it contains. The- salt composed of muriatic acid, 
and the grey oxide of tin' previously reduced to a dry 
mass^ was fused in a retort and mixed with sulphur.' 
The oxide of tin was divided into two parts. One por- 
tion sublimed in combination with the muriatic acid, in 
the state of peroxide of tin, another portion combined 
with sulphur, and formed the compound called 
musivum ot mosaic gold* Pelletier had demonstrated 
that the tin in this compound is in the state of an oxide. 
It is obvious from the experiment of Proust, that it con- 
tains less oxygen than the grey oxide, as it must have 
resigned . a portion of the oxygen which it originally con- 
tained, in order to convert the portion of tin which sub-" 
iiriied into peroxide. This conclusion Mr Proust con- 
firmed by several additional experiments But no- 
thing farther is at present known respecting the pro- 
perties of this protoxide of tin. 

III. Tin combines with sulphur and phospho- 
rus ; but it has never been united to carbon nor hy- 
drogen. 

1 . Sulphuret of tin may be formed by throwing bits 
of sulphur upon the metal melted in a crucible, or by 
fusing the two ingredients together. It is brittle, hea- 
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^ Nichalsou'i Jovr, sir. 39. 
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vier than tin, and not so fusibje. It is of a bluish cq« 
lour and lamellated structure^ and is capable of crjstal« 
lizing. According to Bergman, it is composed of 100 
parts of tin and 20 of sulphur ; According to felletier, 
©f 85 parts of tin and 15 of sulphur Protistts ana« 
lysis coincides with that of Bergman f. 

2* When equal parts of white oxide of tin and sul- 
phur jare mixed together, and heated gradually in a re- 
tort, some sulphur and sulphurous acid^ are disengaged^ 
a^nd there remains a substance composed of 40 parts of, 
sulphur and 60 of oxide of tin, formerly called 
musivum^ mmicum^ or mosaicum^ and now sulphureted^ 
^xide of fin. It consists of beautiful gold coloured 
llakes,, exceedingly light, which' adlj^rc to the skin. 
The process' for making this substance formerly 
very complicated. Pelletier first demonstrated its real 
composition, and ^yas hence enabled to make biany im- 
portant improvements in the' manner of manufacturing. 


it J. Its nature has been still farther investigated by Proust^ 
who has shorvii; that the oxide in combining with the’ 
sulphur loses a portion of its oxygen, and is convertedl 
uito protoxide. According to him it contains a smaller 
proportion of sJulphur than was assigned by Pelletier. 
Neither nitric nor muriatic ' acids act upon it, buit if 
mtrbmiiriatic acid be boiled upon it,^the mosaic gold is 
slowly convierted into sulphate of tin, consisting of sul- 
phuric dcid combined with the peroxide.^ It explodes 
iiolehtly whbn heated with' twice its weight nitre»' 


^ Ann. dc Chim. liH* j Nicholaon’a /twr. xlv. 4^, 

i ^tchhMmohiAnn.diCbma'xlll %2o. ‘ ' •* 
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^ It dissolves ia liquid potash when assisted by heat. The 
solution is greenish < It appears from the experiments 
ef Proust^ that during this solution water is decom«- 
posed, the oxygen of which converts the tin to a per- 
oxide, while its hydrogen combining with the sulphur 
forms sulphureted hydrogen, which unites with the per- 
oxide % 

3- Phosphurct of tin may be formed by melting In a 
crucible equal parts of filings of tin and phosphoric glass. 

Tin has a greater affinity for oxygen than phosphorus 
has. Part of the metal therefore combines with the 
oxygen of the glass during the fusion, and flies off in the 
state of an oxide, and the rest of the tin combines with 
the phosphorus. The phosphuret of tin may be cut 
with a knife ; it extends under the hammer, but sepa- 
rates in laminae. When newly cut, it has the colour 
of silver 5 its filings resemble those of lead. When 
these filings are thrown on burning coals, the phospho- 
rus takes fire. This phosphuret may likewise be form- 
ed by dropping phosphorus gradually into melted tin. 

According to Pelletier, to whose experiments we are in- 
debted for the knowledge of all the phosphurets, it is 
composed of about 85 parts of tin and 15 of phospho- 
rus t- Margraf also formed this phosphuret, but he 
was ignorant of its composition. 

IV. Tin does not combine with as^ote nor muriatic 
acid ; though the last substance converts it into an 
oxide. 

V. Tin is capable of combining with most of the me» Alloys with 


* See Proust, Nicholson’s Jovr^ xiv. 4X. 
j dnn^ de Cbim* xiii. 1X6= 



204 


MALLEABLE METALS.' 


Book I, tals, and some of its alloys are much employed. The 
I jjivisiob I. . 

u— greater number of them are brittle. The older metal-- 
Iiirgists considered it as a property of tin to render 
Other metals brittle. Hence they called \x,diahoIus me^ 
t^lloruTTL 

Oo24» It unites re^^tiny with gold by fusion, and was 

supposed by the older chemists to have the property 
' - of communicating, brittleness to the alloy in how small 

g, portion soever* it was united to the precious, meital ; 
bpt l^tcr and more precise experiments.: have shown 
that this opltiion was ill founded, The mistake was 
4rst removed by Mr Alcborne, in a set of e^^periments 
on this alloy published in the Philpsophipal Transac- 
tjonsi for 1784‘5 and these have bpen amply cppfirnied 
by th^ spb^equent trials of IVlr Hatchett.. An allpy of 
llg.qld -^nd one tin hs^s a very pale whitish colour ,; 
brittle when thick ; but when cast thin, it bends easily, 
but breaks' when passed between rollers. The frac- 
ture is fine grained, and has an earthy appearance.’ The 
specific gravity of this alloy waS; 17*307. ' Tbe bulk of 
the two metals before fusion being reckoned 1000, 
after fusion, it was reduced to 981 j so that the metals 
contract x^'ery considerably by uniting together f . When 
gold was made standard by equal parts of tin and cop- 
per, an alloy was obtained of a pale yellow colour, and 
■brittle 5 but when the tin amqupted only to of the 
whole, the alloy was perfeetjiy ductile J. Indeed,fro,m the 
c^eperimentsof Mr Alchorne, we learn, that when gold 
alloyed with no more thany^th of tin, it retains its doc^ 


^ See Etmiillcr’s Chemhify^ p, 33a, 

I Hatchett on the Moys of Coln^ p. 33, 


J Hatchettj 
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tility sufficiently !tb be rolled and stamped in the usual 
Way. : Bat Mr Tillet showed, as wasindeed to have bedh 
expected, that when heated to redness, it falls to pieces, 
owing to the fusion of the tin*. ’Both of. these facts 
have been confirmed by the late ' experiments of Mr 
Bingley. He found that an alloy of gold with of 
till, when annealed in a red heat, just visible by day- 
light, which is equal to 5^ of Wedgewood, was quite 
ductile, and capable of being worked into any form ; 
but when heated to a cherry red, or to 10° Wedges 
wood, b^'sters began to appear on the surface bf the 
bar its edges burled up; and at last it lost its conti- 
nuity,' and fell intb a dark-coloured mass, with little of 
the metallic lustre^. 

2. From the experiments of Dr Lewis we learn, that 

tin and platinum readily melt, and form an alloy which 
is brittle. and dark coloured when the proportion s!of the 
two metals are equal, and continues so till , the plati- 
num amounts only to fth of the alloy after f his the 
ductility and white colour increase as the proportion of 
platinum diminishes. When this alloy is kept, its- sur- 
face gradually tarnishes and becomes yellow, but not 
sq readily if it has been .polished f. f 

3. The alloy of silver and tin is very brittle and 
hard. It was examined by Kraft and Muschenbroeck. 
According to them, one part of' tin; and four of silver 
form a conipound as hard as bronze. The addition of 
more tin softens the alloy. It has a granular appeaV- 
ance, and is easily oxidized. According to Gellert^ 
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^ Hatchett on the Allo*j^ of GoA/, p, 
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tiicse metals eontraet in uniting Mr Hatchett found 
that silver made standard hy tin was brittle, and did 
not ring well f. 

Mercury, 4^ Mercury dissolves tin very readily cold ; and these 
paetals may be combined in any proportion by pouring 
piercury into melted tin. The amalgam of tin, when 
composed of three parts of mercury and one of tin, crys- 
tallizes in the form of cubes, according to Daubenton ; 
but, according to Sage, in grey brilliant square plates, 
thin towards the edges, and attached to each other, so 
that the cavities between them are polygonal. 

This alloy is used in sihering the backs of looking 
glasses- sheet of tinfoil is spread upon a table, and 
mercury rubbed upon it with a hare’s foot, till the two 
metals incorporate j then a pl^ite of glass is slid over 
it, and kept down with weights- The excess of mer- 
cury driven off, and in a short time the tinfoil ad- 
heres to the glass and converts it into a mirror f . 

Copper. unites very readily with copper, and forms 

an alloy exceedingly useful for a greaj: variety of pur- 
poses* Of this alloy cannons are made : bell metal, 
bronze, and the mirrors of telescopes, are formed of 
different proportions of the same metals. The addition 
of tin diminishes the ductility of copper, and increases 
its hardness, tenacity, fusibility, and sonorousness* 
The specific gravity of the alloy is greater than the 
mean density of the two metals- It appears from the 
experiments of Mr Briche, that this augmentation of 


^ MtiaMurgk Chem. p. 140. f On the Alloys rf Gold, p< 33. 

tSeeWatson^s Chemd Ejsays, p. 240. Dr Watson has rendered it 
probable that the art of forming mirrors by coating glass witfi a plate 
bi metal, was known at l^st as early as the first ccnttiry* ' ’ 



density increases with the tii>; and that thjs specific Chap, 
gravity, when the alley pen tains 100 parts ef copper 
and 16 of tin^ is a maximum ; it is 8*B7., The Specific 
gravity of equal parts of tin and copper is 8r7D> but 
it ought only to 1^ 8 ; consequently the density is in- 
creased p:79’‘^. In order to mix the two metals ex- 
actly, they ought to be kept a long time in fusion, and 
constantly stirred, otherwise the greater part of the cop- 
per will sink to the bottom, and the greater part of the 
tin rise to the surface ; and there wijl be formed .twq 
different alloys^ one composed of a great proportion of 
copper combined with a Small quantity of tin, the other 
of a great proportion of tin alloyed with a small quan- 
tity of copper. 

Bronze and the metal of cannons are composed of Gun mctaL 
from 8 to 12 parts of tin combined with IQO parts of 
copper. This alloy is. brittle, yellow, heavier than 
copper, and has .much jmore tenacity ; it is much more 
fumble^ and less liable to be altered by exposure to the 
air* It was this alloy which the ancients used for 
shstrp-edged instruments before the inethod of working 
iron: brought to perfection. The of the 

CJrcek^^ and perhaps the Rem was no^ 

thing else. their copper coins contain a mixture 

of tihf. 

The term brass is often applied to this alloy, though, 
in a strict sense, it means a compound of copper and 
zinc. Brass guns are made in po other part of Bri- 
tain except Woolwich. The proportion of tin va- 
ries from 8 to 12 to the 100 of copper; the purest cop- 


^ Jour* de Mitt, An. v. 88l* 
t gcc Dize’s Analysis, Joun ds 1790, 
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Bbokt.^ pet requiriiig the most, and the coarsest the least. This 

Division!. \ ^ 

u— y— w alloy IS more sonorous than iron ; hence brass guns give 
a much louder report than those made of cast iron 
Bell metal. Bell metal is usually composed of three parts of 
copper and one part of tin. Its colour is greyish white ; 
it is very hard, sonorous, and elastic. The greater 
part of the tin may be separated by melting the alloy, 
and then pouring a little water on it. The tin decom- 
poses ^thet^ater, is oxidized, and thrown upon the sur- 
face, i According to Swedenburg, the English bell metal 
is usually made from the scoriae of the brass gun foun- 
dery, melted over again +. The proportion of tin in 
hell metal varies. Less tin is used for chqrch bells than 
clock bells; and in small bells, as those. of watches, a 
/ : ... little ^zinp* is 'added to the alloy 4:, . According to Ger- 
bert, ; the conci of the East Indians is" composed of tin 
and copper, in the same prbportidns as in bell metal § . 
Mirror me- The' alloy usedTor the mirrors of telescopes was em- 
ployed by the ancients for the composition of their mir- 
rors* It consists of about two parts of copper, united 
to one part of tin. Mr Mudge ascertained that the best 
proportions werei$2 copper to 14’5 of tin; a specimen 
of ai.' ancient mirror analysed by Klaproth was com- 
pOSediof ^ ■ ' . : - ■' • ■ 

62 copper . : / 

; ''-.S-lead 

' 'r V . . . .100 ^ :V. . . ;• . ... ■ . 


^ See Watsorrs Essays^ iv, lay. 

f Wasserberg, i. % 6 2 , | WatSOB’® Esfayi^ iv. f3a» - 

^ Waissrberg/u ^ : 
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Bat the lead he considers as accidental*. This alloy 

^l | ||l l ■■ l ■ l llW " y» ^l lW I i f 

very hard, of the colour of steel, and admits of a fine 
polish. Bat besides this, there are many other com- 
pounds often used for the same purpose t« 

Vessels of copper, especially when used as kitchen 
utensils, are usually covered with a thin coat of tin to 
prevent the copper from oxidating, and to preserve the 
food which is prepared in them from being mixed with 
any of that poisonous metal. These vessels are then 
said to be tinned* Their interior surface is scraped 
very clean with an iron instrument, and rubbed oVer 
with sal ammoniac. The vessel is then heated, and a 
little pitch thrown into it, and allowed to spread on the 
surface. Then a bit of tin is applied all over the hot 
copper, which instantly assumes a silvery whiteness* 

The intention of the previous steps of the process is to 
have the surface of the copper perfectly pure and me- 
tallic ; for tin will not combine with the oxide of cop- 
per. The coat of tin thus applied is exceedingly thin. 

Bayen ascertained, that a pan nine inches in diameter, 
and three inches three lipes in depth, when tinned, only 
acquired an additional weight of 21 grains. Nor is 
there any method of making the coat thicker. More 
tin indeed may be applied 9 but a moderate heat melts 
it, and causes it to run off. 

6. Tin does not combine readily with iron. An al- 
loy, however, may be formed, by fusing them in a close 
crucible, completely covered from the external air. We 
are indebted to Bergman for the most precise experi- 


^ Philo Mag. xvii. 294* 

f Sc.c IVasscrkrg^ i. 262, and Watson’? Cbcm* iv. 139. 
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iBook t inents on this alloy. When the two metals were fiisfed 
together^ he always obtained two distinct alloys ; the 
first, composed of 21 parts of tin and one part of iron 5 
the second^ of two parts of iron and one part of tini 
The first was very malleable, harder than tin^ and not 
so brilliant 5 the second but moderately malleablej and 
too hard to yield to the Icnife 

'tiiiplate- The formation of tirtplate is a sufficient proof of the 
affinity between these two metals. This rery useful 
alloy, known in Scotland by the name of ^hite irorty is 
formed by dipping into melted tin thin plates of iron, 
thoroughly cleaned by rubbing them with sand, and 
then steeping them 2'4f hoiirs in water addiilated by 
bran or sulphuric acid- The tin not only covers the 
surface of the iron^ but penetrates it completely, and 
gives the whole a white colour. It is usual to add about 
T^tli of copper to the tin, to prevent it from forming 
too thick a coat upon the iron f w 


SECT, XIV. 


OF LEaB. 


Propcrtic*. 


I. Leab appears to have been very early known, ft 
is mentioned several times by Moses. The ancients 
seem to have considered it as nearly related to tin. 

1 . Lead is of a bluish white colour j and when newly 
melted is very bright, but it soon becomes tarnished by 


f See Vatsoii’s Clem, Etia^sy jv, S91'. 


♦ Bergman, iiu 471. 
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exposure to the air. It has scarcely any taste^ 
emits on friction a peculiar smell. It stains paper or 
the fingers of a bluish colour. When taken internally 
it acts as a poison. 

2. Itshardness is 51; its specific gravity is 11*3523 
Its specific gravity is not increased by hammering ; so 
far from it, that Muschenbroeck found lead when drawn 
out into a wire, or long hammered, actually diminished 
in its specific gravity. A specimen at first of the spe- 
cific gravity 11*419, being drawn out into a fine wire^ 
was of the specific gravity 11*317 ; and on being ham- 
mered, it became 11*21S7 : yet its tenacity was nearly 
tripled t* 

3. It is very malleable, and may be reduced to very 
thin plates by the hammer ; it may be also drawn out 
into wire, but its ductility is not great. Its tenacity is 
such, that a lead wire xt-t diameter is capable o£ 
supporting only 18*4 xmunds without breaking. 

4. From the late experiments of Mr Crichton of 
Glasgow we learn, that lead melts when heated to the 
temperature ^12® J. When a very strong heat is ap- 
plied the metal boils and evaporates. If it be cooled 
slowly, it crystallizes. The Abbe Mongez obtained it 
irt quadrangular pyramids, lying on one of their sides. 
Each pyramid was composed, as it were, of three layers. 
Pajot obtained it in the form of a polyhedron with 32 
sides, formed by the concourse of six quadrangular py- 
ramids §. 


^ Brisson. Fahrenheit found it 11*3500, Phil. Trans. 1724. Vo!, 
sjqciii. p. 1 14. I found a specimen of milled lead 1^*407 at the teniperap 
ture of 64*^. f Wasserhtrgt 1.441. 

I TbiU Mag. ivi. 49. § Jotfr, de xxxviu, 53. 
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Yellow 01- 
Ido, 


IL When exposed to the air it soon loses its lustre^ 
and acquires first a dirty grey colour, and at last its sur- 
face becomes almost white. This is owing to its gra- 
dual combination with oxygen, and conversion into an 
oxid : but this conversion is exceedingly slow; the 
external crust of oxide, which forms first, preserving 
the rest of the metal for a long time from the action of 
the air. 

Water has no direct action upon lead ; but it facili- 
tates the action of the external air ; for, when lead is 
exposed to the air, and kept constantly wet, it is oxida- 
ted much more rapidly than it otherwise would be. 
Hence the reason of the white crust which appears upon 
the sides of leaden vessels cont, aiding water, just at the 
place where the upper surface of the w^ter usually ter- 
minates. 

» It is believed at present, that lead is capable of uniting 
with at least four doses of oxygen, and of forming four 
different oxides. 

1. The yellow oxide of lead, which has been longest 
known, and most carefully examined, may be obtained 
by dissolving lead in a sufficient quantity of nitric acid, 
so as to form a colourless solution, and then supersatu- 
rating it with carbonate of potash. A white powder 
falls, which when dried, and heated nearly to redness, as- 
sumes a yellow colour. It is pure oxid€ of lead^ 

This oxide is tasteless, insoluble in water, but soluble 
in potash and in acids. It readily melts when heated, 
and forms a yellow, semi-transparent, brittle, hard glass« 
In violent heats a portion of it is dissipated, Whea 
keptheatedin theopen air, its surface becomes brick red. 
Acprding to Proust, it is composed of 91 lead and nina 
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oxygen My analysi^^gave 89’7 lead^ 10*3 oxj^gen f. Chip. 1%^ 
tf we consider the mean of these ttvo results as nearest 
the truthj, we shall have yellow oxide of lead eoiiiposed 
of about 

90*5 lead 
9*5 oxygen 

100*0 

Or 100 parts of lead, when converted into yellow oxidc> 
unite with 10*6 of oxygen. 

But Bucholz, who has repeated the analysis with mucli 
care, and upon a much greater quantity of lead than I 
employed, obtained for the result yellow oxide, composed 
of 100 lead and 8 oxygen 

When lead is kept melted in. an open vessel, its sut- 
face is soon covered with a grey coloured pellicle* 

When this pellicle is removed, another succeeds it ; i 

and by continuing the heat, the whole of the lead may- 
soon be converted into this substance. If these pel- 
licles be heated and agitated for a short time in an open 
vessel, they assume the form of a greenish ydlow pow- 
der* Mr Proust has shown that this powder is a mix- 
ture of yellow oxide and a portion of lead in the me- 
tallic state. It owes its green colour to the blue and 
yellow powders which are mixed in it. If we continue 
to expose this powder to heat for some time longer in 
an open vessel, it absords more oxygen, assumes a yel- 
low colour, and is then known in commerce by the 
»ame of massicot. The reason of this change is obvi« 


de Phys. Ivl. 206 . | Niciiolson’s viii, 4 

i Gehien’s Jour. \r. 2 <ro, 

r./. I, 


s 
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Division L . . 

sorbs oxygen, and the whole of course is converted into 
yellow oxide. 

White lead. When thin plates of lead are exposed to the vapour 
of warm vinegar, they are gradually corroded^, and con- 
verted into a heavy white powder, used as a paint, and 
called white lead. This powder used formerly to be 
considered as a peculiar oxide of lead 5. but It is now 
known that it is a compound of the yellow oxide and 
carbonic acid.. 

S?rotox:de. 9 . Yellow oxide of lead was formerly considered by 
chemists as lead combined with a minimum of oxygen 
but Mr Proust has pointed out the following method oP 
procuring an oxide containing a still smaller proportion 
of pxygen : Dissolve lead in nitric acid, and boil the 
crystals w^hich that solution yields along with pieces of 
naetailic lead. The consequence is the formation of 
scaly crystals of a yellow colour, brilliant, and very 
soluble in water. These crystals, according to Proust^ 
are composed of the protoxide of lead combined with 
nitric acid. 

Upon repeating Proust’s experiment, and decompo- 
sing the yellow salt by means of potash, and examining 
the oxide, it presented the same properties nearly as 
the yellow ; and when contbined with nitric acid,,, 
yielded almost the same quantity of salt as the yellow« 
The utmost difference was such only as to indicate 
Proust’s protoxide to be composed of 
91-5 lead 
8*5 oxygen 

I'OO-O 

A difference so small that I was disposed to consider 
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iS: as an 6rror in the experiment, and to ascribe the dif- 
ference between Proust^s yelloxv salt and common ni- 
trate of lead to an alteration in the proportion of acld« 
But upon reconsidering the subject, the phenomena 
scarcely appear compatible with that supposition. At 
any rate, my experiments are insufficient to demonstrate 
the identity of the txvo oxides. We must therefore at 
presentj I think, consider Proust’s oxide as distinct, and 
as containing a very little less oxygen, than the yellgwii 
It is therefore 2 ^ protoxide of lead, 

3. If massicot, ground to a fine powder, be put into a 
furnace, and constantly stirred while the flame of the 
burning coals plays against its surface, it is in about 
48 hours converted into a beautiful red powder, known 
by the name of ininhim or red lead"^^ This powder, 
which is likewise used as a paint, and for various 
other purposes, is the tritoxide or 7'ed oxide of lead. 

Red lead is a tasteless powder, of an intense red co- 
lour, often inclining to orange, and very heavy ; its 
specific gravity, according to Muschenbroeck, being 
8\^40. It loses no sensible weight in a heat of 400^^ I 
but when heated to redness, it gives out oxygen, gas, and 
gradually runs into a dark brown glass of considerable 
hardness. By this treatment it loses from four to seven 
parts in the hundred of its weight, and a part of the 
lead is reduced to the metallic state. Red lead does 
not appear to combine with acids. Many acids indeed 
act upon it, but they reduce it in the first place to the 


Chap. IV. 


Red oxiciCi 


^ See an account of the method of manufacturing red had in Watson’i 
Chtmkal Essays^ iii. 33^* 
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state of yellow oxide. From mj trials, this oxide 
*— V composed of 

88 lead 
12 oxygen 

100 

Hence lOO parts of lead in becoming red lead comtine 
with 13*6 of oxygen. 

P«roxidc. 4. If nitric acid, of the specific gravity 1*260, be 
poured upon the red-coloured oxide of lead, 185 part's 
of the oxide are dissolved ; but 15 parts remain in the. 
state of a black or rather deep brown powder This 
is the peroxide or Jn'own oxide of leady first discovered 
by Scheele. The best method of preparing it is the 
following, which was pointed out by Proust, and after- 
wards still farther improved by Vauquelin : Put a 
quantity of red oxide of lead into a vessel partly filled 
with water, and make oxymuriatic acid gas pass into 
if. The oxide becomes deeper and deeper coloured, 
and is at last dissolved. Pour potash into the solution, 
and the brown oxide of lead precipitates. By this pro- 
cess 68 parts of brown oxide may be obtained for every 
100 of red oxide employedf. 

This oxide is a tasteless powder of a flea-browm co- 
lour, and very fine and light. It is not acted on bj 
sulphuric or 'nitric acids. To muriatic acid it gives 
out oxygen, and converts it into oxymuriatic acid. 
When heated it gives out 9 per cent, of oxygen, and lis 
converted into yellov/ oxide. Proust's analysis make$: 


•* Scheele, J. I13. and Prou$t, 4 nn\ de xxiii . 98. 
j Fcvt.croys iv, 91. 
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It z compound of 7D lead and 21 oxygen ; mine, of 81*6 
kad and 18 '4 oxygen. The mean of both gives us 
this oxide composed of about 
80 lead 
20 oxygen 

100 

Hence iOO parts of lead in becorfiing brora oxide ab- 
sorb 25 parts of oxygen. 

5- All the oxides of lead are very easily converted intc 
glass ; and in that state they oxidize and combint; u iih. 
almost all the other metals except gold, platiimm, sil- 
ver, and the metals recently disc. v-et cd in crude pla- 
tina. This property renders lead exceediugiy useful 
in separating gold and silver from the baser metals 
with which they happen to be contamiriaied. The gold 
or silver to be purified is melted along with lead, and 
kept for some time in that state in a flat cup, called a 
cupel, made of burnt bones, and the ashes of wood. The 
lead is gradually vitrified, and sinks into the cupel, car- 
rying along with it all the metals which were mixed 
with the silver and gold, and leaving these metals on 
the cupel in a state of purity- This process is called 
cupellatim. 

6. Lead when first extracted from its ore always con- 
tains a certain portion of silver, variable, according to lead, 
the ore, from a few grains to 20 ounces or more in the 
fodder. When the silver contained in le^d is suffi- 
cient to repay the expence, it is usual to separate it j and 
the process is known by the name of refminy the lead- 
The lead is placed gradually upon a very large flat dish 
called a test, made by beating a mixture of burnt bones 
fern ashes into an iron hoop, and scooping out the 
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Litharge. 


LTnion with 

combusti- 

bleri. 


Phosphii- 

vcu 


^uiphurct* 


sii!*face to a certain depth. Being acted upon by the 
dame of the furnace, it gradually fijssumes a kind of 
a vltrifcrm state, and is blown off the test, or sinks 
into it, while the silver remains unaltered. The lead 
by this process is converted into the substance called 
litharge. As it is thrown off in a melted state, the 
litharge at first coheres in masses, but it gradually falls 
down by exposure to the air, and then consists of fine 
scales, partly red and partly of a golden yellow. It 
consists of yellow oxide of lead combined with a cer- 
tain portion of carbonic acid 

III. Lead has mot yet been combined with carbon 
nor hydrogen ; but it combines readily with sulphur 
and phosphorus. ‘ 

1. Phosphuret of lead may be formed by mixing to- 
gether equal parts of filings of lead and phosphoric 
glass, and then fusing them in a crucible. It may be 
cut with a knife, but separates into plates wheii ham- 
mered. It is of a silver white colour wdth a shade of 
blue, but it soon tarnishes when exposed to the air^ 
This phosphuret may also be formed by dropping phos- 
phorus into melted lead. It is composed of about 12 
parts of phosphorus and 88 of lead f- 

2. Sulphurct of lead may be formed, either by stra- 
tifying its two component parts and melting them in a 
crucible, or by dropping sulphur at intervals on melted 


* Some improvements In the method of separating silver from lead by 
^upelUtioh may he seen in a dissertation hy Duhamd, pubjished in the 
3d Vol. of the Memoirs He /’ Instliuu^ p. 406. T hey had been previously 
practised in this country, 
f lY'llecierj Ann. de Qhlm. xhi. II4. . 
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lead. The salphuret of lead is brittle, brillianl:, df a 
deep blue grey colour, and ttiuch less fusible than lead* 
These two substances are often found naturally com- 
bined ; the compound is then called g-alefia^ and is u- 
sually crystallized in cubes. The specific gravity varies 
somewhat, but is not much below 7. 

Lead appears capable of uniting with two different 
proportions of sulphur. With the minimum it forms 
phuret of lead, which is the common galena of minera- 
logists. It is composed of about 86 lead and 14 sul- 
phur 5 or 100 parts of lead in the sulphiiret are com- 
bined with about 16 of sulphur. 

Besides this common sulphuret of lead there occurs 
another occasionally, lighter in colour, and more bril- 
liant, which burns in the flame of a candle, or when put 
upon burning coals, emitiiig a blue flame. It contains 
at least 2S per cent, or ^th of its weight of sulphur* It 
is therefore a ' super-s^dphurtt of lead. This variety 
has not hitherto been noticed by mineralogists, neither 
has it been made artificially by chemists. 

IV. Lead does not combine with azotic gas. Muria- 
tic acid gradually corrodes it, and converts it into a 
white coloured oxide. 

V. Lead is capable of combining with most of the 
metals. 

1. When 11 parts of gold are melted with one of 
lead, an alloy is formed, which has externally the co- 
lour of gold, but is rather more pale. It is exceedingly 
brittle, breaking like glass, and exhibiting a fine-grain- 
ed fracture, of a pale brown colour, without any me- 
tallic lustre, and having the appearance of porcelain. 
The brittleness continues even when the proportion of 
lead is so far diminished that it amounts only to 


^ Chap. IV. 
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Boojr: L pf the alloj. Even the fumes of lead are siifhclent to 
dcstroj tbc ductility of gold. The specific gravity of 
the alloy of I1 gold and one lead is 18*080, which is 
somewhat less than the mean ; so that the metals under- 
go an expansion. This expansion increases as the lead 
diminishes (the gold remaining the same, and the defi- 
ciency being supplied by copper)^ and becomes a max- 
imum when the lead amounts only to -ij-f^th of the al- 
loy. The following Table exhibits a view of this re- 
markable expansion : 


Metals, j 

Grains. 

Specific gra- 
vity of alloy. 

Bulk he^ ; 

fore 1 
union. ; 

Do. after. 

Expan- 

sion. 

Gold j442 
Lead j 38 

18*080 

lOOO 

1005 

5 

Gold 

Lead 

Copper 

442 

IP 

19 

17*705 

1000 

1006 

0 

Gold 

Copper 

Lead 

442 

30 

3 

17*312 

J . 

1000 

1022 

22 

Gold 

Copper 

Lead 

412 

34 

4 

17*032 


1035 


Gold 

Copper 

Lead 

442 

37-5 

0*5 


1000 

1 

1057 

57 

Gold 

Copper 

Lead 

442 

3T7.t' 

0-2o. 

17*039 

1000 

1031 

31''* 


P Se« Hatchett on the Alloys oj p, and 67* 
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Dr Lewis fused crude platiaa and lead together iv* 

in various ptoportions ; a violent heat was necessary to platinum^ 
enable the lead to take up the platinum. Hence a por- 
tion. of the lead was dissipated. The alloys had a fi- 
brous or leafy texture, and soon acquired a purple co- 
lour when exposed to the air. When equal parts of 
the metals were Used, the alloy was very hard and 
brittle ; and these qualities diminished with the propor- 
tion of platinum. When the alloys were melted again, 
a portion of the platinum subsided Many experi- 
ments have been made with this alloy, in order. If pos- 
sible, to purify platinum from other metals by cupel- 
lation, as is done successfully with silver and gold : 

But scarcely any of the experiments have succeeded ; 
because platinum requires a much more violent heat to 
keep it in fusion than can be easily given f. 

3. Melted lead dissolves a great portion of silver at Silver, 
a slightly red heat. The alloy is very brittle J ; its 
colour approaches to that of lead ; and, according to 
Kraft, its specific gravity is greater than the mean den- 
sity of the two metals united. The tenacity of silver, 
according to the experiments of Muschenbroeck, is di- 
minished by the addition of lead. This alloy is easily 
decomposed, and the lead separated by cupellation. 

4. Mercury amalgamates readily with lead in any 
proportion, either by triturating with lead filings, or 
by pouring it upon melted lead. The amalgam is white 
and brilliant, and when the quantity of lead is suffi- 
cient, assumes a solid form. It is capable of crystalli- 


^ Philos. Commerce^ p. $'l%> 
j JoCwis, Ncum^'s Chcm, p, 57 * 


f Ibid. p. j5i. 
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2 mg« The crystals are composed of one part of leaS 
and one and a half of mercury 

5. Copper does not unite with melted lead till the 
fire is raised so high as to make the lead boil and smoke, 
and of a bright red heat. When pieces of copper arc 
thrown in at that temperature, they soon disappear® 
The alloy thus formed is of a grey colour, brittle 'when 
cold, and of a granular texture f. According to Kraft, 
it is rarer than the meanj. The union between the 
two metals is very slight. When the alloy is exposed 
to a heat sufficient only to melt the lead, almost the 
whole of the lead runs off, and leaves the copper near- 
ly pure §. The little lead that remains may be scori- 
fied by exposing the copper to a red heat. If the lead 
that runs off carries with it any copper, on melting it 
the copper swims on the surface, and may be easily 
skimmed off|j.. This alloy is said to be employed 
sometimes for the purpose of making printers types for 
very large characters 

6. The older chemists affirm, that iron is not taken 
up by melted lead at any temperature whatever, but 
that it constantly swims upon the surface. Miischen- 
Broeck, however, succeeded in uniting by fusion 400 
parts of iron with 134 parts of lead, and formed a hard 
alloy, whose tenacity was not one-half of that of jiure 


^ Dijon Academicians. f Lewisj Ibid. 

I Wasserherg. i. 263. 

§ Lewis, Neuman’s Chemhiry^ p. 57. This curious mode of separation 
is called in Chemistry eliquailen. [| Lewis, Ibid. 

% Fourcroy, vi. 266. It has been lately ascertained by Mr Hatchett, 
that copper cannot be used to alloy gold unless it be free from lead, 
i he smallest portion of this metal, though too minute to affect the cop-^ 
per itself; produces a sensible change on the ductility of gold. 


Copper, 
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Iron* The specific gravity of an alloy often iron iind Chap. iv.^ 
one leaclj according to him, is 4 ’ 250 '^. The experi- 
ments of Guyton Morveau have proved, that when the 
two metals are melted together, two distinct alloys are 
formed* At the bottom is found a button of lead con- 
taining a little iron 5 above is the iron combined with 
a small portion of lead f . 

7. Lead and tin may be combined in any proportion Tin^ 
by fusion. This alloy is harder, and possesses much 
more tenacity than tin. Muschenbroeck informs us 
that these qualities are a maximum when the alloy is 
composed of three parts of tin and one of lead. The 
presence of the tin seems to prevent in a great measure . 
the noxious qualities of the lead from becoming sensi- 
ble when food is dressed in vessels of this mixture. 

This mixture is often employed to tin copper vessels, 

?ind the noxious nature of lead having raised a suspi- 
cion, that such vessels when employed to dress acid 
food, might prove injurious to the health, Mr Proust was 
employed by the Spanish government to examine the 
subject- The result of his experiments was, that vine- 
gar and lemon juice, when boile4 long in such vessels, 
dissolve a small portion of tin, but no lead, the presence 
of the former metal uniformly preventing the latter 
from being* acted on. The vessels ef course are inno- 
cent The specific gravity of this alloy increases with 
the lead, as might be expected. Hence the proportion 
of the two metals in such alloys may be estimated near- 
ly from the specific gravity, as will appear from the. 


-S- IVasserherg. 1. 212, 

:|; Ann, dc Cbim, Ivii. 73 * 


f Ann, ds Chim, Ivii. 47* 
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following Table, drawn up bj Dr Watson from hisf 
own experiments 


Tin. 

Lead. 

Sp. Gray. 

0 

100 

11*270 

100 

0 

7*170 

32 

1 

7*321 

16 

1 

7*438 

8 

1 

7*500 

5 

1 

7*645 

3 

1 

7*940 

0 

1 

8*160 

1 

1 

8*817 


fcwtcr. What is called in this country ley pewter is often scarce- 
ly any thing else than this alloy f. ‘^infoil^ too, al- 
most always is a compound of tin and lead. This al- 
loy, in the proportion of two parts of lead and one of 
tin, is more soluble than either of the metals separately. 
It is accordingly used by plumbers as a solder. 


^ Chemical Essays, iv. 165', 

f There are three kinds of penvUrm. common use; plate, trifle, 

and Uy. The plate pewter is used for plates and dishes ; the trifle chiefly 
for pints and q^uarts ; and the ley metal for wine measure?, &:c. Their 
relative specific gravities are as follows: Plate, 7 ’ 248 ; trifle, ^'ZS9 5 
7 ' 9 ^ 3 - The best pewter it said to consist of loo tin and 17 antimo- 
my. Sec Watson’s Chemical 167 . , 
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SECT. XV. 

OF ZIKC. 

I. T[ HE ancients were acquainted with a mineral to Histcrj^ 
which they gave the name of Cadmia, from Cadmus, 
who first taught the Greeks to use it. They knew that 
when melted with copper it formed brass ; and that 
when burnt, a white spongy kind of ashes was volati- 
lized, which they used in medicine This mineral 
contained a good deal of zinc ; and yet there is no proof 
remaining that the ancients were acquainted with that 
metal f- It is first mentioned in the writings of Alber- 
tus Magnus, who died in 1280 ; but whether he had 
iseen it is not clear, as he gives it the name of marca^- 
site of gold, which implies, one would think, that it had 
a yellow colour J. The word ssztw: occurs first in the 


* Pliny, lib. xxxiv. cap. a. and lo. 

f Grigiion indeed says, that something like k was discovered in tlic 
ruins of an ancient Roman city in Champagne ; but the substance which 
he tofdv for it was nut examined with any accuraev. It is impossible 
theref(»re to draw any inference whatever from his assertion. ’Bulletin, 
(ie fouHles d'une Bdnunne^ p. II. 

t The passajres in w’hich he mentions it are as follows: They prove, I 
think incontestlbly, that it was not the metal, but the ores of the metal, 
with which Aibertus was acquainted. 2>c Mineral, lib. ii. cap. ir. 

Marchasita, ?ive marchasida ut quidam dicunt, est lapis in substantia, 
et habet nniltas species, qtiare colorem aecipit cujuslibet metalli, et sic 
dicitur marchasita arg^mtea et aurea, et sic dicitur aliis, Metallum tamen 
^uod colorat cum non distiilat ab ipso, sed evaporat in ignem, cCsic 
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tvntings of Paracelsus, xvho died in 1541. He infortnn 
us very gravely, that it is a metal, and not a metal, and 
that it consists chiefly of the ashes of copper This 
metal has also been called spelter. 

Zinc has never been found in Europe in a state of 
purity, and it was long before a method was discovered 
of extracting it from its ore f . Henkel pointed out one 
in Von Swab obtained it by distillation in l'T42; 

and Margraf published a process in the Berlin Me- 
moirs in I746ti At present there are three works in 
this country in which zinc is extracted from its ore ^ 
two in the neighbourhood of Bristol, and one at Swan- 


rcllnqiiltxrr clnis iniitiKs, et hie lapis notus est apud alchymicos, et in mnl- 
sis locis veniuntiir. 

Lib. iii. cap. lo. “ atitem invenitur in venis lapidis, ct quod est a*, 
pud locum qui dicitur Goselaria est purlssimum et optimum, ettoti sub- 
stantiaj lapidis incorporatum, ita quod totus lapis est sicut niarchasita cUi« 
rea, et profunJatum est melius ex eo quod pnrius. 

Lib. V. cap. 5. “ Dicimusi^^itur quod niarchasita duplicem habetin sui 
creatlone substantiam, argent i vivi scilicet mortificati, et ad fixionem ap» 
proximantis, et sulphuris uciiirentis. fp^mm habere sulphureitatern com- 
perimus manifesta cxpcrientla. Nam cum subllmatiir, ex ilia cmanat 
substantia sulphurea manifeste comourens. Et sine sublimaciane slniili- 
ter perpenditur illius siilphureitas. 

Nam si ponatur ad ignitioncm, non suscipit illam priusquam inflanv 
matione sulphuris indammetur, et ardeat. Ipsam vero argenti vivi sub-* 
srantiam manifestatur habere scnsibiliter. Nam albedinem prxstat Ve« 
neri meri argenti, quemadmodum ct ipsnm argentum vivum, ec coloreni 
in ipsius subiimatione cielesfium prpcstarc, ct luciditatem manifestam me- 
tallicam habere videmus, qua; certum reddunt artificem Alchimix, illaiu 
has substantlas cantinere in race sua.” 

See vol. vi. of his Works in quarto. 

f Tb , rr:il discoverer of this metliod appears to have been Dr Isaac 
Lawson, iii. dtss. 7. and Watson’s Cheinujl Essays., 

I Bergman, ii, 309. 



f.ey» The ore (sulphur et of zinc) is roasted and fe« 
duced to powder, mixed with charcoal, and exposed to 
a strong heat in large closed clay pots. The zinc Is re- 
duced, and gradually drops down through an iron tube 
issuing from the bottom of the pot, and falls into a ves- 
sel of water. The zinc is afterwards melted and cast 
into ingots. A considerable quantity of zinc is yearly 
exported from Britain, chiefly to the north of Europe 

] . Zinc is of a brilliant white colour, with a shade Prope 
of blue, and is composed of a number of thin plates 
adhering together. When this metal is rubbed for 
some time between the Angers, they acquire a peculiar 
taste, and emit a very perceptible smell. 

2.. Its hardness is 6 S When rubbed upon the fingers 
it tinges them of a black colour. The specific gravity 
of melted zinc varies from ()*S 61 to 1 ; the lightest 
being esteemed the purest. When hammered it becomes 
as high as 7*1908 1- . 

3. This metal forms as it vrere the limit between the 
brittle and the malleable metals. Its m^leability is by 
no means to be compared with that of the metals al- 
ready described ; yet it is not brittle, like the metals 
which are to follow. When struck with a hammer,, 
it does not break, but yields, and becomes somewhat 
•flatter ; and by a cautious and equal pressure, it may be 
reduced to pretty thin plates, which are supple and 


* See an account of the manufacture of this metal in Watson’s Clem, 

Mssaysy iv. I. 

I Brisson and Dr Lewis. A specimen of Goslar zinc was found ly 
Br Watson of the specific gravity 6*953 ; Bristol zinc 7*028. Chemical 
Essays j iv. 41. A specimen of zinc tried by Mr Hatchett was 7*065. 
On the AUoys of Gold^ p. 67. J Brisson. 
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elastic^ but cannot be folded without breaking. This 
property of zinc was first ascertained by Mr Sage 
When heated somewhat above 212°, it becomes very 
malleable. It may be beat at pleasure without break- 
ing, and liatrunered out into thin plates. When care- 
fully annealed, it may (it is said) be passed through 
rollers. It may be very readily turned on the lath. 
When heated to about 400°, it becomes so brittle that 
it may be reduced to powder in a mortar. 

4. It possesses a certain degree of ductility, and may 
with care be drawn out into wiref. Its tenacity from 
the experiments of Muschenbroeck, is such, that a wire 
whose diameter' is equal to -rVth of an inch, is capable 
of supporting a weight of about 26 lbs J. 

5. When heated to the temperature of about 680"° 

it melts ; and if the heat be increased, it evaporates, 
and may be easily distilled over in close vessels. When 
allowed to cool slowly, it crystallizes in small bundles 
of quadrangular prisms, disposed in all directions. If 
they are exposed to the air while hot, they assume a 
blue changeable colour [|. 

II. When exposed to the air, its lustre is soon tar- 
nished, but it scarcely undergoes any other change. 
When kept under water, its surface soon becomes blacky 
the water is slowly decomposed, hydrogen gas is emit- 
ted, and the oxygen combines with the metal. If the 
heat be increased, the decomposition goes on more ra- 


♦ Jour, de Min. An. v. 595. f Black’s Lectures, ii. 583 . 

t He found a rod of an inch diameter to support adoo lbs. Now 'd 
the cohcBion increase as the square of the diameter, the strength of a whe 
of j-ioth inch, will not differ much from that assigned in the text. 

§ Black’s Lectures, ii. 5S3, ([ Monger. 



^idiy ; and I£ the steam of vpatef is made to pass over . ^ 

line at a very high temperatiire, it is decomposed with 
great rapidity ^ 

When zinc is kept melted id an open vessel, its sur- 
face is soon covered with a grey- coloured pellicle, ia 
consequence of its combination with oxygen. When 
this pellicle is removed, another soon succeeds it ; and 
in this manner riiay the whole of the zinc be oxidized. 

When these pellicles ate heated and agitated in an open 
vessel, they soon assume the form of a grey powder; 
often having a shade of yellow. This powder Has been 
Called the oxide of %iTic. When zinc is raised to 
a strong red heat in an open vessel, it takes fire, and 
burns with a brilliant white flame, and at the same time 
emits a vast quantity of very light white flakes. These 
are merely an oxide of This oxide was well 

known to thfe aiicients. Dioscorides describes the me- 
thod of preparing it. The ancients c^led it pompholyx : 
the early chemists gave it the name of niiiil alburn^ land 
philosophic and fov)ers of %inc, Dioscorides compares 
it to wool f , 

Two different oxides of zinc are at present known. 

1. The peroxide, or white oxide of zinc, is the oxide Peroxii!^ 
usually formed in the different processes to which the 
metal is subjected. We. are indebted to Mr Proust for 
an exact analysis of this oxide and its combinations. It 
is composed of 80 parts of zinc and 20 of oxygen f. 

It may be formed not ohly by burning zinc, but also by 
(dissolving it in diluted sulphuric or nitric acid, and pre« 


* Lavoisier, ikfm. l?ar» 178 r, p. 474. 
f Fpjov rO\vscK,i a.^pOfJLQicyna.i'^ V. Sj. p. 35 ^“ 
I Ann^ dc Chlm, xxxv, 5 1. 
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cipitating It bj potash. This oxide has been proposed;' 
as a paint; but its colour must be perfectly white^ 
When pure it is light, and has a considerable resem- 
blance to chalk. It is tasteless and insoluble in water^,. 
and not liable to be changed by exposure to the atmos- 
phere- 

2. The protoxide, or zinc combined with a minimum 
of oxygen, is obtained by exposing the peroxide to a 
strong heat in an earthen ware retort or covered cru- 
cible.. From the experiments of Desormes and Cle- 
ment, it appears,, that by this process the zinc loses a 
portion of its oxygen, and assumes a yellow colour.- 
According to the analysis of these chemists, the prot- 
oxide of zinc is composed of 88 parts zinc and 12 parts 
of oxygen 

3. The reduction of the oxides of zinc is an opera- 
tion of difficulty, in consequence of the strong affinity 
which exists between zinc and oxygen, and the conse- 
auent tendency of the zinc after reduction to unite with 
oxygen. It must be mixed with charcoal, and exposed 
to a strong heat in vessels which screen it from the con- 
tact of the external air. 

III. Most of the simple combustibles combine with 
zinc. 

1. Hydrogen gas dissolves a little of it in certain si- 
tuations. It is usual to procure hydrogen gas by dis- 
solving zinc in diluted sulphuric acid. The gas thus- 
obtained carries along with it a little zinc in solution ; 
but it deposites it again upon the sides of the glass jars, 
and on the surface of the water over v^^hich it stands. 


* xxxix. 3;;, 



2IKC. 

^he gas thus mpregnated was recommended by Mr . Chap. IV; 
Watt as likely to be serviceable in cases of diseased 
lungs. 

2 . Hydrogen gas procured from zinc by means of 
diluted. sulphuric acid, when burnt, produced a certain 
portion of carbonic acid. Hence it was inferred that it 
contained originally some carbureted hydrogen As 
the ^inc dissolves, a black powder makes its appear- 
ance in the solution. This black pov/der the French 
chemists ^fRrm to be plumbago, and to its presence 
they ascribe the cause of the formation of carbureted 
hydrogen; but this opinion has not been verified by 
accurate experiments, and is indeed unlikely to be truef- 

3 . Zinc may be combined with phosphorus, by drop- Phosphur^tt 
ping small bits of phosphorus into it while in a state of 

fusion. Pelletier, to whom we are indebted for the 
experiment, added also a little res5n> to prevent (the oxi- 
dation of the zinc. Phosphuret of zinc is of a white 
colour, a metallic splendour, but resembles lead more 
than zinc. It is somewhat malleable. When hammer- 
ed or filed, it emits the odour of phosphorus. When 
exposed to a strong heat, it burns like zinc 

4 . Phosphorus combines also with the oxide of zinc 5 
a compound which Margraf had obtained during his 
experiments on phosphorus. When 12 parts of oxide 


See the ex|)eriment3 of Fourcroy, Vauquelin and Seguin, A^in, de 
Chim, via. 330. 

f Proust has ascertained, that this black powder is often not carburet 
of iron, but a mixture of arsenic, copper, and lead. Ann. de Chvn. xxxv. 
51. On separating this black powder and drying it, I found that it as- 
rsumed an olive-green colour. It proved in ail ipy trials to be a mixtura' 
of copper and lead. 

$ Ann* de Chim* xiii. . 
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Book of zmc, 12 parts of phosphoric glass, and 2 parts of 
3 — -y-L- j charcoal powder, are distilled in an earthen ware retort, 
med^a^'de a strong heat applied, a metallic substance sublimes 
of a silver white colour, which when broken has a vi- 
treous appearance. This, according to Pelletier, is 
phosphureted oxide of zinc. When heated by the 
blowpipe, the phosphorus burns, and leaves behind a 
glass, transparent while in fusion, but opaque after 
cooling 

Phosphureted oxide of zinc is obtained also when 
two parts of zinc and one part of phosphorus are di- 
stilled in an earthen retort. The products are, 1. Zinc j 
2. Oxide of zinc j 3. A red sublimate, which is phos- 
phureted oxide of zinc ; 4. ISTeedleform crystals, of a 
metallic brilliancy, and a bluish colour. These also 
Pelletier considers as phosphureted oxide of zinc f . 
Siilphurct. 5. Sulphur cannot be artificially combined with zinc ; 

but when melted with the oxide of zinc, a combination 
is formed, as was first discovered by Dehne in 1731 
The experiment was afterwards repeated by Morveau 
A similar compound is formed when sulphureted hy- 
drogen, in combination with an alkali, is dropt into a so- 
lution of zinc. It is at first white, but becomes darker 
on drying. It was considered by chemists as sulphur 
united to the oxide of zinc ; bat experiment does not 
confirm the opinion. The zinc seems to be in the me- 
tallic state. 

One of the most common ores of zinc is a foliated 
mineral, usually of a brown colour, called hiende ; 


Pelletier, Ibid. 128. f Ann. de Chm. xili, IZJ. 

I ChcfH. Jour. p. 46. and Crell’s Annals, 1786 , i. 7. 

Jdem. de /’ Acud. de J)jon, 1783. 
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tasteless, insoluble in water, and of a specific gravity 
about 4. Bergman showed that this ore consisted 
chiefiy of zinc and sulphur. Chemists were disposed 
to consider it as a sulphureted oxide of zinc, in conse- 
quence chiefly of the experiments of Morveau, hbove 
referred to ; but the analyses of Bergman were incon- 
sistent with this notion. Proust gave it as his opinion, 
that blende is essentially a compound of zinc in the 
metallic state with sulphur Upon examining several 
specimens of blende, I found the phenomena and the 
proportion of the constituents to agree exactly with this 
opinion, and cannot therefore hesitate to embrace it. 

IV. Zinc does not combine with azote. Muriatic 
acid readily converts it into an oxide. 

V . Zinc combines with almost all the metals, and 
some of its alloys are of great importance.. 

1. It may be united to gold in any proportion by fu- 
sion, The alloy is tjie whiter and the more brittle the 
greater quantity of zinc it contains. An alloy, consist- 
ing of equal parts of these metals, is very hard and 
white, receives a fine polish, and does not tarnish rea- 
dily. It has therefore been proposed by Mr Hellot t 
as very proper for the specula of telescopes. Mr Hat- 
chett united 1 1 parts of gold and one of zinc. The al- 
loy was of a pale greenish yellow like brass, and very 
brittle. Its specific gravity was 16*937. The bulk 
of the metals before union was 1000 ; after it, 99 7 nearly. 
Hence the union is accompanied with a small degree of 
contraction. The brittleness continued though the zinc 
was reduced to -^th of the alloy, -^^thsof copper being 


293 
Chap. IV, 


Alloys wlci^ 
Gold;, 


^ Jouj\ de Fhys. IvL 79. 


I Mem* Acad* ^ar, 1735, 



MALLEABLE METALS^ 


§94 


Book r. 
Division f. 


Platinum, 


fjlver, 


Efercurf, 


# 

added to reduce the gold to the standard value. Evea 
the ftiraes of zinc near melted gold, are sufEcient to ren- 
der the precious metal brittle '^'* Hellot affirms, that 
when one part of gold is alloyed with seven of zinc, 
if the zinc' be elevated in the state of flowers, the 
whole of the gold rises along with it. 

2. Dr Lewis found that platinum unites with the 
fumes of zinc reduced from its ore, and acquires about 
yd of additional weight. The two metals very readily 
melt, even when the zinc does not exceed yth of the 
platinum. The alloy is very brittle, of a bluish white 
colour, and much harder than zinc. One-twentieth of 
platinum destroys the malleability of zinc, and one- 
fourth of zinc renders platinum brittle f . 

3. Silver unites to zinc with facility, and produces a 
brittle alloy of a bluish w'hite colour, and a granular 
texture. Its specific gravity, according to Gellert, is 
greater than the mean. When an alloy of 11 zinc and 
one silver is sublimed in open vessels, the whole of the 
silver arises along with the flowers of zinc 

4. The amalgam of zinc was examined by Maloiiin. 
According to him, it is formed most readily by pouring 
mercury upon zinc, heated so as to char paper, but not 
to burn it. Its consistence varies with the proportion 
of zinc. Eight parts zinc, and one mercury, form a 
white very brittle compound. One zinc and 2f mer- 
cury form an alloy, which, when melted and cooled 
slowly, crystallizes. This amalgam is used to promote 
the excitement of electric machines 


^ Hatchett on the Alleys of C old^ p. 1 7. 

f Phil. Com7nsrct\ p. 520. X‘Wasscrhsrg<) i. t6o. 

§ It vrro first recommended for that purpose by Dr Higgins. See, 
P/j:/. IW. 1778, p. 861. 
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3* Zinc Combines readily with copper, and forms Gfne Chap. iv> 
•cif the most useful of all the metallic alloys. The me- Copper* 
tals are usually combined together by mixing granula- 
ted copper, a native oxide of zinc called calamine^ and 
a proper propoi'tion of charcoal in powder. The heat 
is kept up for five or six hours, and then raised suffi- 
ciently high to melt the compound. It is afterwards 
poured into a mould of granite edged round '\^th iron, 
and cast into plates. This compound is usually known 
in this country by the name of brass. The metals are 
•capable of uniting in various proportions, and according 
to them, the colour and other qualities of the brass vary 
also. According to Dr Lewis, who made a large set 
of experiments on the subject, a very small portion of 
zinc dilutes the colour of copper, and renders it pale’^ 
when the copper has imbibed one- twelfth of its weight 
the colour inclines to yellow. The jellowness Increases 
with the -zinc, till the weight of that metal in the alloy 
equals, the copper. Beyond this point, if the zinc be 
increased, the alloy becomes paler and paler, and at last 
white The proportion of zinc imbibed by the copper 
varies in different manufactories according to the process, 
and the purposes to which the brass is to be applied. 

In some of the British manufactories the brass made 
contains -fd of its weight of zinc. In Germany and 
Sweden, at least if the statements of Swedenborg be ac- 
curate, the proportion of zinc varies from f th to ^-th cf 
the copper f. Brass is much more fusible than copper ; 
it is malleable while cold, unless the portion of zinc be 
excessive ; but when heated it becomes brittle. It is 


^ Iseumans Chem, p. 65 . 


f Jrasserbergi i. ^67. 
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Book I. ductile, may be drawn out into fine wire, and is much 
tougher than copper, according to the experiments of 
Muschenbroeck. According to Geilert, its specific 
gravity is greater than the mean. It varies considerably 
according to the proportion of zinc. Dr Watson found 
a specimen of plate brass from Bristol 8?441*^: while 
Brisson makes common cast brass only 7'824. Brass 
may beftreadily turned upon thejath, and indeed works 
ynore kindly than any other metal. 

When zinc in the metallic state is melted wfith cop- 
per or brass, the alloy is known by the names of pinch* 
heck, prince's metal. Prince Rvperfs metal, &c. The 
proportion of zinc is equally variable in this alloy as in 
brass ; sometimes amounting pearly to one half of the 
whole, and at other times much less. The colour of 
pinchbeck approaches more nearly to that of gold, but 
it is brittle, or at least much less malleable than brass. 
Brass was known, and very much valued, by the an- 
cients. They used an ore of zinc to form it, which 
they called cadmicu Dr Watson has proved . that it was 
to brass which they gave the name of orichalciim^ , 
Their ces was copper, or rather bronze J. 


^ Chem. Esiays, iv. 58. 

-J- Manchestt'r Ti'amaciionSi "Vol. iJ. p. 47. 

t The ancients do not seem to hai^e known accurately the difference 
between copper, brass, and bropze. Hence the confusion ohseryable in 
thek names. They considered brass as only a more valuable kind of cop- 
per, and therefore ofte’n used the word .u indifferently to denote either, 
ft was not till a late period that raineralo^jlsts began to make the distinc- 
tion. They called copper cyprium, and afterwards only which 

in process of time was converted into citprum. When these changes took 
l^lace, is not known accurately. Pliny uses cypHum, lib. cap. 2(i. 
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,6. It is diffiiplt to combi^'e zinc with iron, because 
the heat necessary to melt the latter metal dissipates the 
former. The alloy, according tp Lewis, when formed, 
^s hard, somewhat malleable, and of a white colour ap- 
proaching to that of silver*. Malouin has shown 
that zinc may be used instead of tin to cover iron plates ; 
a proof that there is an affinity between the two me- 
tals f. 

6. Tin and zinc may be easily combined by fusion. 
The alloy is much harder than zinc, much stronger 
than tin, and still ductile.^ This alloy, it is said, is often 
the principal ingredient in the compound called pewter. 

8. The alloy of lead and zinc has been examined by 
Wallerius, Gellert, Muschenbroek, and Gmelin. This 
last chemist succeeded in forming the alloy by fusion. 
He put some suet into the mixture, and covered the crui- 
cible, in order to prevent the evaporation of the zinc. 
When the zinc exceeded the lead very much, the alloy 
was malleable, and much harder than lead. A mixture 
of two parts of zinc and one of lead formed an alloy 
more ductile and harder than the last. A mixture of 
equal parts of zinc and lead formed an alloy differing 
little in ductility and colour from lead; but it washar-' 
der, and more susceptible of polish, and much more so- 
norous. ^ When the mixture contained a smaller quan- 
tity of zinc, it still approached nearer the ductility and 
colour of lead, but it continued harder, more sonorous, 
and susceptible of polish, till the proportions approach^ 


Chap. I V. 
V 

lion, 


Tin, 


Lead, 


The word cuprum occurs first In Spartlan, who lived about the year 
He says, in his life of Caracalla, cancelli ex are nel cuf ro. 

^ Chsm. p. 69. f Mem, Far. 174Z. 
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ed to one of zinc and 16 of lead, when the alloy dif- 
fered from the last metal only in being somewhat 
harder 

icl:eL 9 . Zinc does not appear capable of combining with 

nickel by fusion f. 


Such are the properties of the malleable metals, the 
most numerous and by far the most important of the 
four classes into which we have divided them. Eight 
of them have been discovered by modern chemists ; 
namely, platinum, palladium, rhodium, iridium, osmium, 
nickel, niccolanum, and zinc. The remaining seven were 
known to the ancients. To these last the names of the 
planets were formerly assigned, and each was denoted 
by a particular mark which represented both the planet 
and the metal. 


mies and 
irks gi- 
rl to the 
tals by 
5 anci“ 

:s. 


Gold was 

the Sun, and represented by © 

Silver . . . 

• • 0 • Moon, 


Mercury . , 

, . • . Mercury, 

5 

Copper . . 

. . , . Venus, 

? 

Iron 

. . . Mars, 



Till 

. . . . Jupiter, 

If 

Lead 

, . . . Saturn, 



seems most probable that these names were 

% 


^ de Chim. ix. 95. 

■\ The Chinese, however, seem to be In possession of some method 
combining these metals : For, according to Engestroem, the pak-fong^ 
or white copper, Is composed of copper, iiickel, and zinc. I’he zinc 
amounts to seven-sixteenths of the whole, and the proportions ^of the 
copper and nickel are to each other as five to thirteen. Mm. Suck. 1776. 
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gi^en to the planets ; and that the seven metals, the 
onlj ones then known, were supposed to have some re- 
lation to the planets or to the gods that inhabited them, 
as the number of both happened to be the same. It 
appears from a passage in Origen, that these names first 
arose among the Persians Why each particular me- 
tal was denominated by a particular planet it is not easy 
to see. Many conjectures have been made, but scarcely 
any of them are satisfactory . 


^ Contra Celstm, lib. vi. iz . — “ Celsus de quibusdam Persarum mystc- 
i-iis sermonem facit. Haruni rerum, inquit, aliquod reperltur in Persa- 
rum doctriua Mithracisque eorum mysteriis vestigium. In iilis enim 
dure calcstes conversiones, alia stcllarum fixanmi, errantium alia, et ani- 
tiix per eas transitus quodam symbolo representantur, quod hujusmodi 
est. Scala altas portas habens, in summa autem octava porta. Prima 
portarum plumbea, altera stannea, tertia ex sere, quarta ferrea, quinta ex 
;Lere mixto, sexta argentea, septinia ex auro. vili:rv\of, itti y 

KiTt} Ttvkn oyS'OTfi. 'H xparn rav xvKav /tto^z/SiTov, )?' i'ivrtpcc x.u<r<rtTefov ; 
n rpiryf j;^aXKou, n Tirapm crtinpov, w xocpugov tofjnc n iKrn 

ccpyvpov, ;!(_pva-ov J’ « ICSopcn, Primuiii assignantSaturno, tarditatem il- 
lius sideris plumbo indicantes : alteram Veneri, quam referimt, ut ipsi 
quidem putant, stanni splendor et molities; tertiam Jovi, aheneam illam 
quidem et solidam : quartani Mercuric, quia Mercurius et ferruni, uter- 
que operum omnium tolerantes, ad mercaturam utiles, laborum patientis- 
simi. Marti quintam, inssqualem illani et variam propter mixturam. 
Sextam, qux argentea est, lunre ; septimam aureaixi soli tribuunt, quia ^ 
soils et lunm colores hsec duo metalla referunt.*’ 

Borrichius suspects, with a good deal of probability, that the names of 
the gods in this passage have been transposed by transcribers, either 
through ignorance or design. He arranges them as follows : ‘‘ Secun- 
dam portam faciunt Jo vis, comparantes ei stanni splendorem et molli- 
tiem ; tertiam Veneris ceratani et solidam; quartam Martis, est enim 
laborum patiens, aeque ac farrum celebratus hominibus; quintam Mer- 
curii propter mlsturam intequalem ac variam, et quia negotiator est ; sex- 
tam ljunaj argenteam ; septimam Solis aurcam,*’ — 01, ’BctTichiin de Oriu 
ft Froprssu Chemhi:. HasniXj l668, 4to. p. ap. 
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posed ori- 
gin. 


As to the characters by which these metals were er-» 
pressed, astrologers seem to have considered them as 
the attributes of the deities of the same name. The 
circle in the earliest periods among the Egyptians, was 
the symbol of divinity and perfection ; and seems with 
great propriety to have been chosen by them as the 
character of the sun, especially as, when surrounded by 
small strokes projecting from its circumference, it may 
form some representation of the emission of rays. The 
semicircle is, in like manner, the image of the moon ; 
the only one of the heavenly bodies that appears under 
that form to the naked eye. the character is sup- 
posed to represent the scythe of Saturn ; % the thunder- 
bolts of Jupiter ; <? the lance of Mars, together . with 
his shield ; $ the looking-glass of Venus; and ^ the 
caduceus or wand of Mercury. 

The alchymists, however, give a very different ac- 
count of these symbols* Gold was the most perfect 
metal, and was therefore denoted by a circle. Silver 
approached nearest it; but as it was inferior, it was de- 
noted only by a semicircle. In the character ^ the a- 
depts discovered gold with a silver colour. The cross 
at the bottom expressed the presence of a mysterious 
something, without which mercury would be silver or 
gold. This something is combined also with copper ; 
the possible change of which into gold is expressed by 
the character The character c? declares the like ho- 
nourable affinity also ; though the semicircle is applied 
in a more conctaied manner : for, according to the pro- 
perest mode of writing, the point is wanting at the top, 
or the upright line ought onlj to touch the horizontal, 
and not to intersect it. Philosophical gold is concealed 
in steel ; and on this account it pioduces such valuable 
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ihedicines. Of tin, one half is silver, and the other con- 
sists of the unknown something ; for this reason, the 
cross with the half moon appears in ¥ . In lead this 
something is predominant, and a similitude is obser- 
ved in it to silver* Hence in its character the cross 
stands at the top, and the silver character is only sus- 
pended on the right hand behind it; 

Brofessor Beckmann, however, who has examined 
this subject with much attention, thinks that these cha- 
racters are mere abbreviations of the old names of the 
planets. The character of Mars (he observes *), ac- 
cording to the oldest mode of representing it, is evi- 
dently an abbreviation of the word Qovpoc, under which 
the Greek mathematicians understood that deity ; or, 
in other words, the first letter e, with the last letter g 
placed above it. The character of Jupiter was origi- 
nally the initial letter of Zcuf ; and in the oldest manu- 
scripts of the mathematical and astrological works of 
Julius Firmicus, the capital Z only is used, to which 
the last letter was afterwards added at the bottom, to 
render the abbreviation more distinct. The supposed 
looking-glass of Venus is nothing else than the initial 
letter distorted a little of the word which was 

the name of that goddess. The imaginary scythe of 
Saturn has been gradually formed from the two first 
letters of his name Kpom, which transcribers, for the sake 
of dispatch, made always more convenient for use, but 
at the same time less perceptible. To discover in the 
pretended ca^uceus of Mercury the initial letter of his 
Greek name one needs only look at theabbrevi- 


Chap. IV. 


Origin ao 
cording to 
Becknunn. 


MhUry of Inventions^ English Transl. iii. 67. 
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Bcwk L ations in tlie oldest in an us crip ts, where they will find 
that the s was once written as C ; they will remark al« 
so that transcribers, to distinguish this abbreviation from, 
the rest still more, placed the C thus ^ , and added 
under it the next letter r. If those to whom this de- 
duction appears improbable will only take the trouble 
to look at other Greek abbreviations, they will find 
many that difFer still farther from the original letters 
they express than the present character ^ from the C 
and ^ united. It is possible also that later transcribers, 
to whom the origin of this abbreviation was not known, 
may have endeavoured to give it a greater resemblance 
to the caduceus of Mercury. In short, it cannot be 
denied that many other astronomical characters are 
real symbols, or a kind of proper hieroglyphics, that 
represent certain attributes or circumstances, like the 
characters of Aries, Leo, and others quoted by San« 
maise.’^ 
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CLASS IL 


BRITTLE AND EASILY FUSED METALS^ 


The metals belonging to this class are only four la 
number ; namely, bismuth, antimony, tellurium, arse- 
nic. Their brittleness renders them of much inferior 
importaiice, as metals, to those belonging to the first 
class.- But the low temperature at which they melt 
(between SO 0° and 47d°), makes it easy to cast them 
into moulds, and even to alloy them with the more fusi- 
ble of the ductile metals* The activity of the prepara- 
tions of antimony, and the poisonous nature of arsenic^, 
have given these metals importance in a medical point 
of view. None of the metals belonging to this class 
seem to have been known to the ancients in the metaW 
liC' state.. 
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SECT. xvr. 

OF BISMUTH, 

UhtoTv. I. The ores of this metal are very few In number, and 
occur chiefly in Germany. This, in some measure, ac- 
counts for the ignorance of the Greeks and Arabians, 
neither of whom appear to have been acquainted with 
bismuth. The German miners, however, seem to haVe 
distinguished it at a pretty early period, and to have 
given it the name of bismuth ,* for Agricola, in his trea- 
tise intitled B ermannus^ vsviiitn at least as early as 
1529, describes it under that name as well known in 
Germany, and considers it as a peculiar metal. The 
miners gave it also the name of tectum argenti ; and 
appear to have considered it as silver beginning to form, 
and not yet completed^. Mr Pott collected in his dis- 
sertation on bismuth every thing respecting it contain- 
ed in the writings of the alchjinists. Beecher seems to 
have been the flrst chemist wiio pointed out sotne of its 
most remarkable properties. Pott’s dissertation, pub- 
lished in 1739, contained an account of its habitudes 
with different chemical substances. Several additional 
facts were given by Neuman in his chemistry, by Hel- 
^ lot, and Dufay ; but Geoffroj, junior, was the first who 


* Ivonig’s Regnum p. So. Even so late as the end of the 

77th century it was considered 7.s a species of lead. There are three 
kinds of lead, says Etrnuilcr ; namely, common lead, tin, and bismuth. 
Bismuth approaches nearest to silver, Etmullcr’s Chmiitry, p, 
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iindertook a complete series of experiments on it. • Tbe Chap, iv.^ 

. , , ■ . , II inn— y lixamaMl/ 

first part of his labours was p^ublished in the Memoirs 
of the French Academy for 1753 ; But his death pre- 
vented the completion of his plan* Chemists for some 
time were disposed to consider bismuth as an alloy, but 
this opinion was gradually laid aside. 

1- Bismuth is of a radish white colour, and almost 
destitute both of taste and smell. It is composed of 
broad brilliant plates adhering to each otheri The fi- 
gure of its* particles, according to Hauy, is an octahe- 
dron, or » two four- sided, pyramids, applied base to 
base^i 

2. Its hardness, is 7. Its sjiecific gravity Is 9'822 f- 

3. When hammered cautiously, its density, as Mus- 
chenbroeck ascertained, is considerably increased. It 
is not therefore very brittle ; it breaks^ however, when 
struck smartly by a hammer, and consequently is not 
malleable. Neither can it be drawn out into wire. Its 
tenacity, from the- trials of Muschenbroeck, appears to 
be such^ that a rod ^th inch id diameter is capable of 
sustaining a weight of nearly 29lbs; 

•4. When heated to temperature ot 470° J, it 
melts ; and if the heat be much increased it evaporates^ 
and may be distilled over in close vessels. When al- 
lowed to cool slowly, and when the liquid metal is 
withdrawn, as soon as the surface congeals, it crystal- 
lizes in parallelopipeds, which cross each other at right 
angles. 

IL When exposed to the air, it soon loses its lustre^ 


••1-- Jour, dt Min. An. v. p. 582. 
i Irvine, Nicholson’s Jour, ix, 46. 


I Brisson and Hatchetts 
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Peroxide. 


but scarcely undergoes any other change. It is not al-* 
tered when kept under water. 

When kept melted in an open vessel, its surface is 
soon covered with a dark blue pellicle ; when this is 
removed, another succeeds, till the whole metal is oxi- 
dized. When these pellicles are kept hot and agitated' 
in an open vessel, they are soon ^onverted into a brown- 
ish or yellowish powder. 

When bismuth is raised to a strong red heat, it takes 
fire and burns with a faint blue flame, and emits a yel- 
low smoke, as was first observed by Geoffrey. When 
this is collected, it is a yellow powder, not volatile,, 
which has been called yellov) oxide c^. bumuth. 

When bismuth is dissolved, in nitric acid, if water bc; 
poured into the solution, a white powder precipitates, 
which was formerly called magistry of bismuth. This 
powder is used as a paint, under the name of pearl or 
fake white. Bucholz has demonstrated that this pow- 
der is a^compound of oxide of bismuth and nitric acid« 
From his experiments, compared with those of Kla- 
proth^, we learn that the yellow oxide of bismuth hi 
composed of 100 bismuth and 12 oxygen, or per cent^ 
of about 


S9‘3 bismuth 
10*7 oxygen 

100*0 

This is the only oxide of bismuth at present known 
with precision. It is tasteless and insoluble in water. 
In the fire it is fixed, but melts readily into a brown 


« Klaproth’s Bei/rage, il 294, Bucholz's Beiirage^ iiL 
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glass. In this respect it resetribles the oxides of lead. 
Bismuth is sometimes used in the process*of cupella* 
tion instead of lead. It was first proposed for that pur- 
pose bj Dufay in 1727, and fiis experiments were af- 
terwards confirmed by Pott. 

These oxides are easily reduced when heated along 
with charcoal or othe incombustible bodies ; for the af- 
fmity between bismuth and oxygen is but weak. 

III. Bismuth has not been combined with -carbon 
tior hydrogen. Neither does it seem capable of combi- 
ning in any notable proportion wnth phosphotusi Mr 
Pelletier attempted to produce the phosphuret of bis- 
tnuth by various methods without success. When he 
dropped phosphorus, however, into bismuth in fusion, 
he obtained a substance which did not apparently differ 
from bismuth, but which, when exposed to the blow- 
|3ipe, gave evident signs of containing phosphorus^*. 
This substance, according to Pelletier, did not contain 
^^bove four parts in the hundred of phosphorus, and 
even this small portion seems only to have been me- 
chanically mixed. 

2. Sulphur combines readily with bismtith by fusioni 
The siilpburet of bismuth is of a bluish grey colour. 
It crystallizes in beautiful tetrahedral needles, which 
cross each other. It is Very brittle and fusible^ and 
bears a strong resemblance to sulphiiret of antimony, 
but is rather brighter coloured. One hundred parts of 
bismuth, according to WenzePs experiments, unite by 
fusion to 11*5 of sulphur. Hence the sulphuret of bis- 
muth is composed of about 
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Phosphurei 


Sulphsi^, 


^ Anr.^ dc Chlm^ xili. 30 <. 
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85 bismuth 
15 sulphur 

100 


V. Bismuth combines readily with most metallic bo^ 
dies, and forms compounds, few of which have been ap« 
plied to any useful purposes. 

Allots with 1» Gold combines very readi!^ with bismuth by fu- 
sion. An alloy composed of 11 gold and one bismuth' 
was found by Hatchett to have a greenish yellow co- 
lour, like bad brass. It was very brittle, and had a fine 
grained ear thy fracture. Its specific gravity was 18‘03S* 
The bulk of the metals before fusion was 1000, after it 
only 988. They had suffered, therefore, a considera- 
ble contraction. The properties of the alloy continued 
nearly the same when the bismuth amounted to 
of the compound j the requisite quantity of copper to 
reduce the gold to standard being added.. When the' 
bismuth v/as diminished beyond this proportion, the co- 
lour of the alloy became nearly that of gold; but its brit- 
tleness continued even when the bismuth did not exceed 
of the mass. As the proportion of bismuth di- 
minished, and that of the copper increased (the gold 
being always standard), the contraction disappeared, and 
an expansion took place, which was soon much greater 
than when copper alone was used to alloy the gold., 
This curious progression will appear evident from the 
following Tablet. 


^Verwandtschaft, p. a8o. 

f The specilk gravity of the gold was 19-172 (It was 23 carats 
grains fine), of the bismuth 9*822, of the copper 8*895. 


BISMtJTH, 


Metals. 

1 

i Grains, 

i 

Specific gra- 
vity of alloy 

. JBulk be- 
j fore 

1 fusion. 



Do. after. 

1 Change 
of bulk. 

Gold 

442 

18*038 




Bismuth 

; 

1000 

9S8 

—12 

Gold 

|442 ■ 





Copper 

1 30 

17*302 

1000 

1018 

+18 

Bismuth 

1 8 




Gold 

'442 





Copper 

1 34 

1<5*846 

1000 

1044 

+ 44 ; 

Bismuth 

j 4 




Crold 

442 





Copper 

37-5 

16-780 

1000 

1047 

-1-47 

Bismuth 

0*5 





Gold 

442 





Copper 

37-75 

17*095 

1000 

1027 

-f27 

Bismuth 

0*25 





So great is the ten den cj of bismuth to give brittleness 
to gold, that the precious metal is deprived of its’ducti- 
litj, merely by keeping it, while in fusion, near bis- 
muth raised to the same temperature 

2, Bismuth and platinum readily melt and combine 
when exposed rapidly lo a strong heat. Dr Lewis fu- 
sed the metals in various proportions, from one of bis- 
muth to 24 wdth one of platinum. The alloys were 
all as brittle, and nearly as soft as bismuth ; and when 
broken, the fracture had a foliated appearance. When 
#iis alloy is exposed to the air, it assumes a purple, vio- 


339 

Chap. IV. 

i , j 


Platmunii 


^ Sec ^Hatchett on the A//oys of Cold, p. 2,6. 
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Bivisioa I. , 1 , t 

' — --V— ^ parated by heat : 

Silver, 3 . Bismuth combines readily with silver by fusion « 

The alloy is brittle ; its colour is nearly that of bis- 
muth ; its texture lamellar ; and its specific gravity 
greater than the mean. According to Muscbenbroeck^ 
the specific gravity of an alloy of equal parts bismuth 
and silver is J.0*70Q7i^. 

^ircury, Mercury combines readily with bismuth, either 

by triturating the metals together, or by pouring two 
parts of hot mercury into one part of melted bismuth. 

This amalgam is at first soft, but it becomes gradually 
hard. .When melted ^nd cooled slowly, it crystalli 2 ;es. 

When the quantity of mercury exceeds the bismuth 
considerably, the amalgam remains fluid, and has the 
property of dissolving lead, and rendering it also fluid. 

This curious fact was first described by Beecher, who af- ^ 

Armed that a mixture of three parts mercury, one lead., 
and one bismuth, form a perfectly fluid amalgam. This 
triple compound may be filtered through shamois lea- 
ther without decomposition. Mercury is sometimes 
adulterated with these metals ; but the imposition may 
be easily detected, not only by the specific gravity of 
the mercury, which is too small, but because it drags a 
tail, as the workmen say ; that is, when a drop of it is 
agitated on a plain surface, trie drop does not remain 
sphericle, but part -of it adheres to the surface, as if it 
were not completely fluid, or as if it were inclosed in a 
thin pellicle. This amalgam is used hot for silvering 
glass bails. 

5. Copper forms with bismuth a brittle alloy of a 

I — “ a: 

f Fhiloso^L, Commerce, j). 509 Slid 573. f Wasscrbcrg, i. i6q- | 
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gale Ted colour, and a specific gravity exactly the mean 
nf that of the two metals alloyed 

Bismuth combines but imperfectly with iron t» 
The alloy is brittle, and attracted by the magnet even 
when the bismuth amounts to ^ths of the whole t- The 
specific gravity of this alloy is less than the mean §. 

7. Bismuth and tin unite readily. A small portion 
of bismuth increases the brightness, hardness, and so- 
norousness of tin; it often enters into the composition 
of fewter^ though never in Britain. Equal parts of tin 
and bismuth form an alloy that melts at 280° : eight 
parts of tin and one of bismuth melt at 390° : two 
parts bf tin and one of bismuth at 33 0° |1. 

8* Tile alloy of lead and bismuth is of a dark grey 
colour and close grain It is ductile, unless the bis- 
muth exceeds the lead considerably Bismuth in- 
creases the tenacity of lead prodigiously. Muschen- 
broeck found, that the tenacity of an alloy, composed of 
three parts of lead and two of bismuth, was ten times 
greater than that of pure lead. The specific gravity of 
this alloy is greater than the mean ff . 

9. When eight parts of bismuth, five of lead, and 
4hree of tin, are melted together, a white coloured al- 
loy is obtained, which melts at the temperature of 212*^, 
and therefore remains melted under boiling water. 

10. The alloy of bismuth and nickel is brittle, and 
formed of thin plates 

11. Bismuth does not combine with zinc. 
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Gellert. f Muschenbroeck. % Henkel. § Gcllert® 
Dr Lewis, Neumans Chum. p. iii. *^■alkriu?. 

Launie, ff- Gclkrc. Cron^tedt, 
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SECT. XVII. 

OF ANTIMOKY. 

Bigtory. I. The ancients were acquainted with an oxide of aii« 
timony, to which they gave the names of and sti^ 
bhmi, Pliny informs us, that it was found in silver 
ore ; and we know that at present there are silver oresf 
in which it is contained. It w^as used as an external 
application to sore eyes; and Pliny gives us the method 
of preparing it t. It is probable that a dark bluish 
grey mineral, of a metallic lustre, was also known to 
them by the same names. It certainly bore these names 
as early at least as the eighth century. This mineral is 
composed of the metal now czlltd ant 17:2 07iy and sulphur; 
but it was known by the name of a?itimony ever since 
the days of Basil Valentine till very lately. The me« 
tal itself, after it was discovered, was denominated 
gulus of aiithiwvy. The Asiatic jj and Grecian ladies 
employed this mineral to paint their eyebrows blacks 
But it does not appear that the ancients considered this 
substance as containing a metal, or that they knew our 
antimony in a state of purity J. Who Srst extracted it 


^ Pliny, lib. xxxiii. cap. 6. i Kirwan’s Miner, ii no. 

:{: Pliny, ibid. jj 2 Kings, ix. 30. and Exek. xxiii. 40. 

§ Mr Roux, indeed, who at the request of Count Caylus analysed an ari- 
tlent mirror, found it composed of copper, lead, and antimony. This 
would ^0 far to convince us that the ancients knew this metal, provided 
it could be proved that the mirror was fra//j an ancient one ; hut this 
point appears to be extremely doubtful., * 
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from its ere we do not know ; but Basil Valentine is Chap, iv.^ 
the first who describes the process. To his Currus 
Triumphalis Anthnonii^ published towards the end of 
the fifteenth century, and to the exertions of those medi- 
cal alchymists who followed his career, we are indebted 
for almost all the properties of this substance. 

No metal, not even mercury nor iron, has attracted 
so much of the attention of physicians as antimony. 

One party extolled it as an infallible specific for every 
disease : while another decried it as a most virulent 
poison, which ought to be expunged from the list of 
medicines. Lemeri, about the end of the 17 th centu- ^ 
ry, w^as the first chemist who attempted a rational ac- 
count of its properties; and Meuder, in 17SS, publish- 
ed the first accurate analysis of its ores *. But the 
number of writers who have made this metal their par- 
ticular study is so great, that it would be in vain to at- 
tempt even a list of their names. Bergman, Berthollet, 

Thenard, and Proust, are the modern chemists who have 
thrown the greatest light upon its properties f. 

1. Antimony is of a greyish w’-hite colour, and has a Propertiesa 
good deal of brilliancy. Its texture is laminated, and 
exhibits plates crossing each other in every direction, *i 

Analysis Antimonii 'Physko-chim, Ratlonalis. 
f The word alcohol^ which is still employed in chemistry, was, if wc 
believe Homerus Poppius Thallinus, first applied to this mineral. “ His- 
panicis mulicrculis ejus usiis in ciliorum pulchritudiiie coiicilianda fuit 
lisitatissimus : pulverem autein vocabant alcohol (qute vox eriani adhuc 
ra Hermeticorum laboratoriis sonat) ; vnde antimoinum crudum cc non^ 
diini contusum piedra de alcohol nominarunt.” It was hnown among^ 
the alchymists by a great variety of absurd names ; such as, Oibia, alh» 
foly alhsol^ arkSi saUtrnus philosophoruTn^ magnesia sainrnl, films and nothus 
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and sometimes assuming the appearance of imperfect 
crystals. Hauy has with great labour ascertained, that 
the primitive form of these crystals is an octahedron, 
and that the integrant particles of antimony have the 
figure of tetrahedrons^. When rubbed upon the fin- 
gers, it communicates to them a peculiar taste and 
smell. 

2. Its hardness is 6^, Its specific gravity is, accord- 
ing to Brisson, ; according to Bergman, 0’86- 

Hatchett found it 6*712 1* 

3. It is very brittle, and may be easily reduced in a 
mortar to a fine powder. Its tenacity, from the experi- 
ments of Muschenbroeck, appears to be such, that a rod 
of -s^g-th inch diameter is capable of supporting about 10 
pounds weight. 

4. When heated to 810® Fahrenheit, or just to red- 
ness, it melts J. If after this the heat be increased, the 
metal evaporates. On cooling, it assumes the form of 
oblong crystals, perpendicular to the internal surface of 
the vessel in which it cools. It is to this crystallization 
that the laminated structure which antimony always as- 
sumes is owing. 

II. When exposed to the air, it undergoes no change 
except the loss of its lustre. Neither is it altered by be- 
ing kept under water. But when steam is made to pass 
over red hot antimony, it is decomposed so rapidly that 
a violent detonation is the consequence 

When heated in an open vessel, it gradually com- 
bines with oxygen, and evaporates in a white vapour. 
This vapour, when collected, constitutes a white colour- 


* fair, ds Mh:, An. v, 6oi. f On the Alloys of GolJy p. 68- 

J Mortimer, § Lavoisier and Meusnier, Mem. Far. 1781, p. S74- 


antimony. 


315 


cd oxide, formerly called argentine Jlowers of antimony. Chap. TV^ 
When raised to a white heat, and suddenly agitated, 
antimony burns, and is converted into the same white 
coloured oxide. 

'According to Thenard % who published an excel- 
lent dissertation on antimony some time ago, this metal 
is capable of combining with no less than six different 
doses of oxygen, and of forming six oxides, which may 
be exhibited in a separate state. But his method of 
obtaining most of these ^bodies, namely, by the appli- 
cation of heat, does not seem capable of leading to any 
very precise result ; while at the same time several of 
his oxides differ from each other only by one or two 
hundredth parts of oxygen \ a degree of precision much 
greater than chemists are able at present to attain. 

Proust has lately examined this important question, and 
has found antimony capable of forming only two ox- 
ides, agreeing in this respect with most of the other 
metals, 

1. The protoxide of antimony may be obtained by protoxide, 
the following process. Dissolve antimony in muriatic 
acid, and dilute the solution with water ; a white pre- 
cipitate appears, composed of the protoxide of antimo- 
ny combined with a little muriatic acidf* Wash this 
precipitate with water, and boil it for some time in a 
solution of carbonate of potash. Then wash it well,^ 
and dry it on a filter J, 


^ Ann. de Chhm. xxsii. 259, 

f The white powder thus obtained was formerly called poxvdfr of 
^aroth, from Victor Algarothi, a physician in Vetonu, who first procured 
it in that manner from muriate of anciniony. 

I Proust Jcur.ds Fbys. Iv, 328. 
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jDhTis^ii'r protoxide thus procured is of a dirty white co«» 

lour, without any Justre. When raised to a moderate 
red heat it melts, and may be kept for a long time in 
fusion in a retort* When allowed to cool, its surface 
becomes covered with small opaque crystals lying close 
together, and of a yelloivish white colour. It is indeed 
extremely fusible, and always becomes opaque on cool- 
ing. A part of it is volatilized with a moderate heaty 
provided air be present. It is composed of 
81‘5 antimony 
18 *5 oxygen 

XOO-0 

This oxide may be kept melted in contact with anti* 
mony any length of time without alteration 
fcroside. 2. The peroxide of antimony may be obtained by 
exposing the metal in the open air to a violent heat : 
it takes fire, and a white oxide is sublimed, formerly 
called arge?itme jiowers of antimo7iy. It is obtained al- 
so by causing nitric acid to act upon antimony, and by 
throwing the metal into red hot nitre. After the com- 
bustion there remains in the crucible a w^hite mass, con- 
sisting of the oxide of antimony combined with the 
potash of the niU'e. Water dissolves a part of this 
compound ; when an acid is poured into this solution, 
a white powder precipitates, which is the peroxide of 
antimony. 

This oxide is of a white colour j it is insoluble in 
water, and not nearly so soluble in acids as the prot- 
oxide. Neither is it so fusible as that oxide, requiring 


^ Proust Jour* de Iv. 33S. 
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a pretty violent heat ; but it is volatilized at a lower 
temperature^ forming white prismatic crystals of a sil- 
very lustre. It is composed of 71 antimony 

23 032:ygen 

100 

When melted with a fourth part of antimony, the whole* 
is converted into protoxide 

IIL Antimony has never been combined with car- 
bon nor hydrogen. When its oxides are heated along 
with charcoal or oils, they are reduced, but imperfect- 
ly, unless some body (as potash) be present to favour 
the fusion of the metal. The greater part remains in 
the state of a black spongy mass, which often takes fire 
when exposed to the air. Antimony combines readily 
with sulphur and. with phosphorus. 

1. Sulphuret of antimony may be formed by mixing 
its two component parts together, and fusing them in a 
crucible. It has' a dark bluish grey colour, with a 
lustre approaching' the metallic. It is inudh more 
fusible than antimony, and may be crystallized by slow- 
cooling. It is composed, according to Bergman, of 74 
parts of antimony and 26 of sulphur f . With this es- 
timate the late experiments of Proust coincide almost 
exactly. According to that very accurate chemist, sul- 
phuret of antimony is composed of 

75 antimony 
25 sulphur 

100 t 


^ Pi'Oiist, Jour* cfs P/jyu Iv, 32??. f iii. 1^7- 

t Jduy. de Flys. Iv, 325, 
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This substance is found native in great abundance^ and 
indeed is almost the only ore of antimony. It was to 
this sulpburet that the term antimo?ij/ applied by 
the earlier chemists ; the pure metal was called regulus 
of antimony ^ , 

2. The protoxide of antimony has the property of 
dissolving different proportions of sulpburet when in a 
state of fusion. The resulting compound is a semitran- 
sparent substance of a brownish red colour, differing 
considerably in its appearance according to the propor- 
tion of its ingredients. When it is composed of about 
eight parts of oxide and one part of sulpburet, it has a 
red colour, and is semitransparent. It is then called 
glass of antimony. When it contains eight parts oxide 
and two sulphuret, it is opaq^ue, and of a red colour in- 
clining to yellow. , This is the crocus ?netalIorum of 
apothecaries. Eight parts of oxide and four of sulphur- 
et form an opaque mass of a dark red colour. This is 
the liver of antijnony of apothecaries f . 

When sulphur is heated with either of the oxides, h 
reduces them to the metallic state, if sufficient in quan- 
tity ; if too small for that, it deoxidizes a portion, com- 
bines with it, and ihe sulphuret formed unites with the 
remaining oxide, always converted to a protoxide. 
Hence the reason that these different compounds may 


Sulphuret of antimony is sometimes used to separate the baser rnc- 
from gold. When heated along with gold, it carries off all the other 
anetals, while part of tlie antimony combines with the gold. This is re- 
moved by oxidi2ing the gold by n\eans of heat and ' nitre. This proper- 
ty of sulphuret of antimony induced the alchymists to give it the name 
of the 'U'olf, quia ferocla sua omnia mctalla pfaeter leonem, h. e. aurum.. 
smnlt. Homerl 'Bopfii Basilica Antimontij C. i. 

•f rreustj Tcii/r. dc Pl'vs. Iv. 33.1. 
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Be formed by a great variety of processes. The glass 
of antimony is usually prepared by exposing sulphuret 
of antimony in powder to a gentle heat for a consider- 
able time in an open vessel.. By this process, which 
is called roasting^ the greater part of the sulphur is 
driven off, and the metal is reduced to a protoxide. In 
this state it is put into a crucible, and melted by a sud- 
den heat into glass. If the roasting has been carried so 
far as to drive off the whole of the sulphur, only dark 
coloured scoriae are obtained ; but on the addition of a 
little sulphur or sulphuret of antimony, the glass may 
be easily formed The glass sold by apothecaries is 
seldom or never pure, containing almost^ always, as 
Vauquelin has demonstrated, about 0*09 t parts of si- 
lica J; derived undoubtedly from the crucibles in which 
the oxidized sulphuret is fused ; for these crucibles con- 
tain a very great proportion of siliceous earth. 

The peroxide of antimony is incapable of dissolving 
any sulphuret. Qf- course it does not form a glass. 

3- When equal parts of antimony and phosphoric 
glass are mixed together with a {little charcoal powder, 
and melted in a crucible, phosphuret of antimony is 
produced. It is of a white colour, brittle, appears la- 
minated when broken, and at the fracture a number of 
small cubic facectes are observable. When melted it 
emits a green flame, and the white oxide of antimony 
sublimes. Phosphuret of antimony may likewise be 
prepared by fusing equal parts of antimony and phos- 


Chap. IV. 


PhospIiB- 

ret. 


* Bergman, iii. i66. 

\ Ann.de Chin:, xxxiv. 1 39. 

I An earth which wnll be described in the next Boole. 
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pl}orlc glass, or hy dropping phosphorus into melted 
antimony 

IV. Antimony does not combine with azote^ nor 
with muriatic acid. 

V. Antimony combines readily with most of the- 
metals 5 but the greater number of its alloys have not 
been applied to any use. 

1, Antimony and gold may be combined by fusioUji 
and form a brittle compound of a yellow colour. Great 
attention was paid to this alloy by the alchymists, who 
affirmed, that tlie quantity of gold might be increased 
by alloying it with antimony and then purifying it f . 

Gold made standard by antimony^ in Mr Hatchett^s 
e:speriments, ^as of 'a dull pale colour, not unlike tu- 
tenague* It was exceedingly brittle, and in the frac- 
ture was of ail ash colour, with a fine close grain, not 
unlike that of porcelain. Its specific gravity was 
1G*.929. The bulk of the two metals before fusion 
being 1000, after fusion it w^as QS7. Hence they suf- 
fer a considerable contraction. A very small propor- 
tion of antimony destroys the ductility of gold 5 the al- 
loy was perfectly brittle when the antimony did not ex- 
ceed of the mass. Even the fumes of an- 

timony, in the neighbourhood of melted gold, are suffi- 
cient to destroy its ductility ^. 

2. Platinum easily combines with 'antimony. The 
alloy of equal parts is brittle, and of a much duller 


^ Pelletier, Arm. de Chim.'SAiu 13^. . 

f This made them give antimony the name of balneum regale. Thrv 
cause of their mistake is obvious ; they did not separate the whole of tho 
antimony from the gold ; hence the increase of weight. 

I Hatclictt on the Alleys of Go/*/, p, 13, 
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dolour than antimony. The antimony cannot after- 
wards be completely separated by heat. When the 
antimony exceeds, the platinum is apt -to. subside in slow 
cooling 

3. Silver may be alloyed with antimony by fusion, silver; 

The alloy is brittle, and its specific gravity, as Geilert 

has observed f, is greater than intermediate between 
ihe specific gravities of the two metals which enter 
into it. 

4. Pott first observed, that antimony; reduced from Mercury^ 
Its sulphuret by means of iron and chalky unites rea- 
dily wfith mercury by trituration. Antimony may be 

easily amalgamated by pouring it w^hile in fusion into 
mercury almost boiling h5t When three parts of 
mercury are mixed in this manner with one part of 
melted antimony, a soft amalgam is obtained, which 
very soon decomposes of itself Geilert also succeed- 
ed in forming this amalgam [[ . 

5. Copper combines readily with antimony by fu- Coppey 
Sion. The alloy is brittle when it consists of equal 

parts of the two metals; is of a beautiful violet colour, 
and its specific gravity is greater than intermediate 
This alloy was called regulus of VenUs by the alchy- 
inists. 

G. Iron combines with antimony by fusion, and jrop- 
forms a brittle hard white coloured alloy, the specific 
gravity of which is less than intermediate. The mag- 
netic quality of iron is much more diminished by 
being alloyed with antimony than with most other 

Lewis, Phil. Co?n, p. f %/[etallurgk Chmistry^'^. 

t Lewis, Nt'umnns Chem. p. 131, } Wallerius. 

\\ MetalL Chem.^.Xiii^ «[ Geilert, p; 136,’ 

FoL 1. X 
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Bismuth, 


metals *. This alloy may be obtained also by fusings 
in a crucible two parts of sulphuret and one of iron. It- 
was formerly called martial regulus. 

7. The alloy of tin and antimony is white and brit« 
tie 5 its specific gravity is less than intermediate f. This- 
alloy is employed for different purposes ; particularly 
foi' making the plates on which music is engraved J . 
Pewter often consists chiefly of this alloy. 

Thenard has pointed out a remarkable property in 
this alloy. If its solution in muriatic acid be de- 
lated with water the whole of the two metals Is preci- 
pitated § . 

8. When e<jual quantities of lead and antimony arc 
fused, the alloy is porous and brittle : three parts of lead 
and one of antimony form a compact alloy, malkable, 
and much harder than lead : 12 parts of lead and one 
of antimony form an alloy very malleable, and a good 
deal harder than lead ; 16 parts of lead and one of an- 
timony form an alloy which does not differ from lead 
except in hardness [|. This alio/ forms printers types. 
Its tenacity is- very considerable and its specific gra- 
vity is greater than the mean 

0, Zinc may be readily combined with antimony by 
fusion. The alloy is hard and brittle, and has the co- 
lour of steel. Its specific gravity is less than inter- 
diateff. 

10. Antimony forms a brittle alloy with bismuth ; 


^ Gellert, p. 136. f Ibid. 

^ fourcroy, vi. ^5. § ds CLim, Iv. 

{] GmcVuiiAnn. de Chlmn YiiL3i9. % Muschenbro^cka 
Gellert, p. 136. ft Ibid. 
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td mangaiiesd it unites but impeffectly ^ i the cdm- 
'Jpounds which it forms with niekel and cobalt have not 
been examined. 


Chap. IV. 




SECT. XVIIL 

OF T E L L UR I U M; 

I; The mine of Mariahilf, in the mountains of Fatz- Histor|* 
bay, near Zalethna, in Transylvania, contains an ore of 
a bluish white colour and a metallic lustre *, concerning 
the nature of w'hich mineralogists were for a long tijme 
doubtful. That it contained a little gold was certain ; 
but by far the greatest part of it consists of a metallic 
substance, which some supposed to be bismuth, others 
antimony. Mullet of Reichenstein examined it in 
1782 t ; concluded^ from his experiments, that this 
ore, which had been distinguished by the names of 
rum prohle?naticu?n^ aururn paradoxicum, and aururfi al- 
hum^ contains a new metal different from every other 
Being still dissatisfied with his own conclusions, he sent 
a specimen of it to Bergman; but the specimen w^astoo 
small to enable that illustrious chemist to decide the 
point. He ascertained, however, that the metal in 
question is not antimony. The experiments of Muller 
appeared so satisfactory, that they induced Mr Kirwan, 
in the second edition of his Mineralogy, published in 


* Omelin, Ann, dc Chlm. xlx. 367- 


f Born, if 468, 
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17Q(5, to give this metal a separate place, under the 
name of syhemite, Klaproth published an analysis of 
the ore in 179S, and completely confirmed the conclu- 
sions of Muller To the new metal, which consti- 
tutes 0*925 of the ore, he gave the name of tellurium ; 
and this name has been generally adopted. Gmtlin ex- 
amined the ore in 1799+ ; and his experiments coin- 
cide almost exactly with those of Muller and Klaproth. 
By these philosophers the following properties of tel- 
lurium have been ascertained. 

1. Its colour is bluish white, intermediate between 
that of zinc and lead *, its texture is laminated like an- 
timony, and ks brilliancy is considerable. 

2'. Its hardness has not been ascertained. Its specific 
gravity, according to Klaproth, is 6* 115 

3. It is very brittle, and may be easily reduced to 
powder. 

4. It melts when raised to a temperature somewhat 
higher than the fusing point of lead. If the heat be in- 
creased a little, it boils and evaporates, and attaches it- 
self in brilliant drops to the upper part of the retort in 
which the experiment is made. It is therefore, next to- 
mercury and arsenic, the most volatile of all the metals. . 
When cooled slowly, it crystallizes. 

IL When exposed to the action of the blow-pipe up- 
on charcoal, it takes fire, and burns with a lively blue 
flame, the edges of which are green ; and is completely 
volatilized in the form of a white smoke, which, ac- 


^ Creirs JWj, 1798, i, 91. f Ibid. 1799, i. 175. and 36:, \ 

I Muller found it 6-343 > but probably his specimen was not pure. 
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cording to Klaproth, has a smell not unlike tliat of ra- Chap, iv.^ 
dishes §. 

This white smoke is the oxide of tellurium, which 
may be obtained also by dissolving the metal in nitro- 
muriatic acid, and diluting the solution with a great 
quantity of water. A white pow'der falls to the bot- 
tom, which is the oxide. It may be procured also by 
dissolving the metal in nitric acid, and adding potash 
slowly till the oxide precipitates. This oxide is easily 
melted by heat into a strawy-coloured mass of a radiated 
texture. When made into a paste with oil, and heated 
in charcoal, it is reduced to the metallic state so rapidly, 
that a kind of explosion is produced. 

III. TelluriuiTi. may be combined with sulphur by Sulplmrcs, 
fusion. This sulphuret has a leaden grey colour, and 
a radiated rexturc: on red hot coals it burns witli a blue 
flame. 

Tellurium may be amalgamated w^ith mercury by 
trituration. Its other properties have not yet been ex- 
amined. 


SECT. XIX. 

OF ARSENIC. 

I. 'The word arsenic (^ocpa-ivixov^ occurs first in the xvorks History 
! of Dioscorides, and of some^ other authors who wrote 


y Gmelin could not perceive this smell 
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about the beginning of the Christian era. It clenoteij 
in their works the same substance which Aristotle had 
called cruv^ccfxx^^} and his disciple Theophrastus ccpp^viKov, 
which is a reddish coloured mineral, composed of arse- 
nic and sulphur, jisecl bj the ancients in painting, and 
as a medicine. , 

The %vlzte oxide afarsmic, or what is known in com- 
iperce by the nanae of arsenic, is meiitioned by Avicen- 
na in the llth century ; but at what period the metal 
called arsenic was first extracted from that oxide is un- 
l^nown, Paracelsus seems to have known it ; and a 
process for obtaining it is described by Schroeder in his 
pharmacopoeia, published in 1649 1- But it was only 
ip the year 1733 that this metal was examined with 
chemipal precision. This examination, which was per- 
formed by Mr Brandt, demonstrated its peculiar nature ; 
and since that time it has been always considered as a 
distinct metal, to which the term arsenic has been ap- 
propriated. Its properties were still farther investiga- 
ted by Macqiier in 17 id by JMonnet in 1773 and 
by Bergman in 1777 ||. To the labours of these philo- 
sophers, and to those ot I\Ir Schetle *ff, we are indebted 
for almost every thing known about the properties of 
this metal. 

1« Arsenic has a bluish white colour not unlike that 
of steel, and a good deal of brilliancj". It has no sen- 
sible smell while cold ; but when heated it emits a strong- 

o 

odour of garlic, which is very characteristic, 


* Pliny seems to make a distinction between sandaracha and arsenic; 
See lib. xxxiv. caj,;. iS. 1 Bergman, ii. 278. 

I Jfm. F:jr. ty-: 6 , p. and :748, p. 35. § S\r FAnenic.. 

j) ii. S72. ^ Scheckj i. itQ, 
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Its hardness scarcely exceeds 5. Its specific gra*** 

T'itj is 8'31 

3. It is perhaps the most brittle of all the metals, 
falling to pieces under a very moderate blow of a ham- 
mer, and admitting of being easily reduced to a very 
fine powder in a mortar, 

4. Its fusing point is not known, because it is the 
most volatile of the metals, subliming without meltingp 
when exposed in close vessels, to a heat of 355® f. 

'When sublimed slowly, it crystallizes in tetrahedrons, 
which Hauy has demonstrated to be the form of its in- 
tegrant particles, 

II. It may be kept under water without alteration ; Oxides., 
but when exposed to the open air, it soon loses its lus- 
tre, becomes black, and falls into powder. 

Arsenic is capable of combining with two doses of 
oxygen, and of forming two compounds, which might 
be termed the fratoxide 2indp4!roxide of arsenic, were it 
not that they possess several of the properties of acids. 

1. When exposed to a moderate heat in contact with Protoxide 
air, it sublimes in the form of a white powder, and at 
the same time emits a smell resembling garlic. If the 
heat be increased, it burns with a pale blue flame. 

Arsenic indeed is one of the most combustible of the 
metals. The substance which sublimes was formerly 
called arsenic or white arsenic, and is still known by 
these names in the commercial world. It is a combi- 
nation of arsenic and oxygen ; and is now denominated 
white oxide of arsenic, and by Fourcroy arsenious acid, 
because it possesses several of the properties of an acid- 


* Bergman, ii. 179. According to Brandt, € * * 3 

,f •Sergmas?,iT,;a79. 
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It IS seldom prepared by chemists^ because it exists na-? 
tive, and is often procured abundantly during the ex-- 
traction of the other metals from tlieir ores. 

When obtained by these processes, it is a whitc^ 
brittle, compact substance, of a glassy appearance. It 
has a sharp acrid taste, which at last leaves an impres- 
sion of sweetness, and is one of the most virulent poi- 
sons known. It has an alliaceous smell. It is soluble 
in 80 parts of water at the temperature of 60°, and in 
15 parts of boiling water This solution has an acrid 
taste, and reddens vegetable blues. When it is slowly 
evaporated, the oxide crystallizes in regular tetrahe- 
drons. It is soluble also in between 70 and 80 times 
its weight of alcohol, and in oils. This oxide sublimes 
when heated to 383° : if beat be applied in close ves- 
sels, it becomes pellucid like glass ; but when exposed 
to the air, it soon recovers its former appearance. The 
specific gravity of this glass is 5-000 ; that of the ox- 
ide in its usual state, 3*706 f. This oxide is capable 
of cpmbining with most of the metals, and in general 
renders them brittle. From the experiments of Proust^ 
it appears that it is composed of 
75*2 arsenic 
24*8 oxygen 


lOO-Oj 

When the white oxide of arsenic is mixed with black 
flux, and slowly heated to redness in a matrass or retort, 
the arsenic is reduced into the metallic state, and slow- 
ly sublimes. By this means the metal may be procured 


5 Bergman, ii, 291. 


f Ibid. ii. aS6. 
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» « state qF puritj. This method of reducing arsenic Chap. iv. 
was first pointed out bj Brandt, to whom we are in- 
debted for most of the properties of the white oxide 
above described. 

2. Arsenic is capable of combining with an addi- Peroxide or 
tional dose of oxygen, and of forming another com- 
pound, first discovered by Scheele, known by the name 
of arsenic acid. The process prescribed by Scheele, 
is to dissolve three parts of white oxide of arsenic in se- 
ven parts of muriatic acid, to add five parts of nitric 
acid, to put the mixture into a retort, and distil to dry- 
ness. The dry mass is to be merely brought to a red 
heat, and then cooled again. It is solid arsenic acid. 

Mr Bucholz has lately shown, that the whole quantity 
of muriatic acid prescribed by Scheele is not necessary. 

The formula which be considers as the best is the fol- 
lowing : Mix together in a crucible 2 parts of muri- 
atic acid of the specific gravity 1*200, 8 parts of 
white oxide of arsenic, and 24 parts of nitric acid, of 
the specific gravity 1*25. Evaporate to dryness, and 
expose the dry mass to a slight red heat*. 

The acid thus prepared has no very strong taste when 
dry j but when dissolved in water, it acquires an ex- 
cessively sour taste, and remains liquid even when eva- 
porated to the consistence of a jelly. It is as noxious 
as the white oxide of arsenic. From the experiments 
of Proust,. it follows, that it is composed of 65*4 parts 
of arsenic, and 34*6 parts of oxygen : and with these 
proportions the determination of Bucholz very nearly 
corresponds. But Thenard makes the oxygen to a- 
mouiit to 36 parts in the hundred of oxide f. 


v' Van Mon’s Journal de Chimie^ iv. l6. 


Ann, ds Cbim, 1. 1 23 , 
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III. Arsenic combines readilj with all the simpltj 
c mbustibles, except carbon, with which it has not hi*- 
therto been united by chemists. 

1. That hydrogen gas has the property of dissolving 
arse:;Ic, and retaining it in the gaseous form, was disco- 
vered by Scheeie during his experiments on arsenic 
acld '^. It was afterwards noticed by Proust, during 
his experiments on tin. Trommsdorf has lately exa- 
mined it in detail, and published an account of its pro- 
perties f . 

The easiest method of procuring it, according to the 
last mentioned chemist, is to mix together four parts of 
granulated rinc and one part of arsenic, and to treat 
them with sulphuric acid diluted With twice its weight 
of water. Hydrogen gas is disengaged in abundance, 
which, coming in a nascent state in contact with the ar- 
senic, dissolves it, and forms the gas wanted. Stromey- 
er, who examined this gas more recently, recommends 
an alloy composed of 15 parts of tin and one of arsenic. 
When this alloy is digested in muriatic acid, the hydro- 
gen evolved carries oiF the whole of the arsenic, and 
leaves the tin pure 

Arsenical hjdrogen gas, thus formed, is colourless, 
has a nauseous smell, is not sensibly absorbed by wa- 
ter ; extinguishes dame, and destroys animal life. Its 
specific gravity (barometer about 30 inches) is 0*529S, 
that of air being one : hence 100 cubic inches of it 
weigh 16*4 grains. 


^ JBcheele’s Ojjusc, i, iSs. French translation. 
Hicholson’s Joi/r. vi . aco, | Ibid. xix. 381. 
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It burns Tvith a blue flame ; and if the neck of the ^ Chap, l v.^ 
vessel containing it be narrow, the arsenic is deposited* 

When two parts of this gas, mixed with three of oxy- 
gen, are brought in contact with a lighted taper, an ex- 
plosion takes place, and water and white oxide of arse- 
nic are formed. Eq[iiai parts of these gases do not ex- 
plode so loudly, but give a more vivid flame. Two 
parts of this gas and one of oxygen leave a small resi- 
due. According to Stromeyer it requires for com- ^ 
bustion 0*72 parts of its bulk of oxygen gas. 

Arsenical hydrogen gas is not altered by common air, 
azotic gas, nor hydrogen. Nitrous gas occasions a di- 
minution of about two pei^ cent. Sulpliiireted hydrogen 
gas occasions no change in it ; but if oxy muriatic aci/l 
be added to the mixture of these two gases, the bulk di- 
minishes, and yellow-coloured flakes are deposited. 

Hence these two gases furnish us with a delicate test 
for detecting the presence of arsenical hydrogen. 

Concentrated nitric acid, when suddenly mixed with 
this gas, causes an evolution of red fumes, and an ex- 
plosion accompanied with flame. When the acid is di- 
luted, it oxidizes and removes the arsenic, leaving the 
hydrogen pure. Trommsdorf, to whom we are indebt- 
ed for all these facts, did not succeed in analysing this 
gas, though it appears from his experiments, that it is 
a compound of arsenic and hydrogen *^. Stromeyer in- 
forms us that be succeeded in analysing it by means of 
nitric acid, and that he found it composed of iOo parts 
arsenic and 2’19 hydrogenf. Proportions which do 


^ Sec Nicholson’s Journal^ vi, aco. 


f Ibid, six. 3S3. 
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not well accord with the specific gravity of the gas, as" 
stated by Trommsdorf. 

2. Sulphur combines readily with arsenic® If we 
put a mixture of these two bodies into a covered cruci- 
ble and melt them, a red vitreous mass is obtained, 
which is obviously a sulphuret of arsenic. It may be 
formed also by heating together the white oxide of arse- 
nic, or arsenic acid and sulphur ; but in that case a por- 
tion of the sulphur absorbs the oxygen from the arse- 
nic, and makes its escape in the form of sulphurous 
acid gas This sulphuret of arsenic is found native 
in different parts of Europe. It is usually called realgar. 
It has a scarlet colour, and is often crystallised in tran- 
sparent prisms. Its specific gravity is 3*225 t* It is 
tasteless, and not nearly so hurtful as the oxides of arse- 
nic, though Macquer affirms that it is poisonous J.® It 
is sometimes used as a paint. According to the experi- 
ments of Westru mb, this sulphuret is composed of 80 
parts of arsenic and 20 of sulphur According to 
Thenard, it consists of 60 parts of arsenic and 30 of 
sulphur II . 

3. If the white oxide of arsenic be dissolved in mu- 
riatic acid, and a solution of sulphureted hydrogen in 
water be poured into the liquid, a fine yellow- coloured 
powder falls to the bottom. This powder is usually 
called orphncnt. It may be formed by subliming arse- 
nic and sulphur by a heat not sufficient to melt them. 
This substance is found native. It is composed of thin 


Proust, de Phys, liii. 94. f Bergman, ii. ^98. 

^•Hoffman informs vt% that he gave two scruples ol it to a dog with* 
©lit any bad effects whatever. Obser*v^ Pbysko^Chemko-Selecf. p. 1136. 

. Crell’s An?udsy 17S5, i, 2.99. j| Am. de Chim. lix. 290. 
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plates, which have a considerable degree of flexibility. 
Its specific gravity is 5*3154 It has been supposed 
by some chemists, that orpiment dilFers from realgar 
merely in containing a smaller proportion of sulphur 5 
by others, that the arsenic exists in it in the state of an 
oxide ; by others, that it contains sulphureted hydrogen. 
But Mr Proust has ascertained, that when heated suf- 
ficiently it melts without emitting any gas, and on 
cooling assumes the appearance of realgar Hence 
he concludes, that like realgar it is merely a siilphuret 
of arsenic. This opinion has been confifmed by the ex- 
periments of Thenard, who found orpiment a compound 
of three parts of sulphur and four of arsenic f, 

4. Arsenic combines readily with phosphorus. The 
phospliuret of arsenic may be formed by distilling equal 
parts of its ingredients over a moderate fire. It is black 
and brilliant, and ought to be preserved in xvater. It 
may be fovtned likewise by putting equal parts of phos- 
phorus and arsenic into a sufficient quantity of water, 
and keeping the mixture moderately hot for some 
time , 

IV. Arsenic does not combine with azotic gas nor 
muriatic acid, neither is it rea.dily oxidized by the ac- 
tion of that acid. 

V. Arsenic unites with most metals, and in general 
renders them more brittle and more fusible. 

1, There appears to be a strong affinity bee ween gold 
.and arsenic j but in consequence of the great volatility 
of the latter metal, it is difficult to unite them by fusion, 

t 
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Bergman succeeded in making gold take up 
weight of arsenic Mr Hatchett added 453 grains of 
arsenic to 5307 grains of melted gold, and, stirring the 
whole rapidly with an iron rod, poured the mixture in- 
to an iron mould. Only six grains of the arsenic was 
retained ; so that the alloy contained only Y^-j-th of 
arsenic. It had the colour of fine gold j and though 
brittle, yet it bent in some measure before it broke. 
When once united to gold, arsenic is not easily expelled 
by heat* Mr ^yiatchett discovered that gold readily im- 
bibes, and combines with, arsenic, when heated to red- 
ness. A plate of gold was exposed red hot to the fumes 
of arsenic by suspending it near the top of a dome, 
made by luting one crucible inverted over another. In 
llxe l<^er crucible some arsenic was put, and the whole 
exposed to a common fire for about 15 minutes. The 
arsenic had acted on the gold, and combined with its sur- 
face. The alloy being very fusible had dropt off as it 
formed, leaving the gold thinner, but quite smooth. 
The alloy of gold and arsenic formed a button in the 
undermost crucible. This button had a grey colour, 
an d \va sex tre niely b r i ttle f . 

2. The alloy of arsenic and platinum was first exa- 
mined by Scheffer, and afterwards by Dr Lewis. The 
addition of white oxide of arsenic causes strongly heat- 
ed platinum to melt ; but the mixture does not flow thin, 
and cannot be poured out of the crucible. The alloy 
is brittle and of a grey colour. The arsenic is mostly 
expelled in a strong heat, leaving the platinum in the 
state oiP i spongy mass 


Opissc. ii. aSi. 


I On the Alloys of GoL'j p. 7^ 
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3. Melted silver takes up of arsenic^. The alloy Chap^. iv, 

is brittle, yellow-coloured, and useless. Silver, 

4. Mercury may be amalgamated with arsenic by Mereury, 
keeping them for some hours over the fire, constantly 
agitating the mixture. The amalgam is grey-coloured,, 

and composed of five parts of mercury and one of ar« 
senic f . 

5. Copper may be combined with arsenic bj fusing Copper, 
them together in a close crucible, wdiile their surface 

is covered with common salt to preveiit^the action of 
the air, which would oxidize the arsenic. This alloy 
is white and brittle, and is used for a variety of pur- 
poses ; but i t is usual to add to it a little tin or bismuth- 
It is known by the names of white copper and white 
tornhac. When the quantity of arsenic is small, the al- 
loy is both ductile and malleable J. 

6. Iron and arsenic may be alloyed by fusion. The Iron, 
alloy is white and brittle, and may be crystallized. It 

is found native, and is known among mineralogists by 
the name of mispickel. Iron is capable of combining 
with more than its own weight of arsenic 

7. Tin and arsenic may be' alloyed by fusion. The Tin, 
alloy is white, harder, and more sonorous than tin, and 
brittle, unless the proportion of arsenic be very small. 

An alloy, composed of 15 parts of tin and one of arsenic, 
crystallizes in large plates like bismuth ; it is more 
brittle than zinc, and more infusible than tin. The ar- 
senic may be separated by long exposure of the alloy t© 
heat in the open air || . 


^ Bergman, ii. aSi, 
§ Bergman, ii. sSiu 


f Ibid. 


$ Keujnan^s Chm, p. I44* 
jl Bayeii. 
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8. Lead and arsenic may be combined by fusion. The 
alloy is brittle, dark-coloured, and composed of plates^ 
Lead takes up J-th of its weight of arsenic 

9. Nickel combines readily with arsenic, and indeed 
is seldom found without being more or less contamina- 
ted by that metal. The compound has a shade of red^ 
considerable hardness, and a specific gravity consider- 
ably under the mean. It is not magnetic. Arsenic 
possesses the curious property of destroying the mag- 
netic virtue of iron, and all other metals susceptible of 
that virtue. 

10. Zinc may be combined with arsenic by distilling 
a mixture of it and of white oxide of arsenic t* This’ 
alloy, atcording to Bergman, is composed of four parts 
of zinc and one of arsenic. 

11. Antimony forms with arsenic an alloy which is 
very brittle, very hard, and very fusible ; and compo- 
sed, according to Bergman, of seven parts of antimony 
and one part of arsenico- 

12. Bismuth may be combined with about fth of its 
weight of .arsenic J ; but the properties of this alloy 
have not been examined. 


Bergman, 


f JMalouin. 


J Bergman, ii. sSr. 
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BRITTLE AN-D BIFFICULTLY FUSED METALS^ 


HE metals belonging to this class are six in number^ 
They were all unknown to the ancients, and were not 
examined till chemical analysis had acquired a consider-^ 
able degree of perfection. None of them are of much 
value in the metallic state ; their brittleness and difficult 
fusion rendering it impossible to work thern with fa-^ 
cility : But some of them are of considerable imports* 
atice in the state of oxides « 
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SECT. XX. 

OF COBALT. 

History. I. A MINERAL called coBalt of a grey colour, anJ 
very heavy, has been used in different parts of Europe, 
since the 15th century, to tinge glass of a blue colour. 
But the nature of this mineral was altogether unknown 
till it was examined by Brandt in 1733. This celebra- 


* The ward' ccBalt seems to be derived from cobaUiSy which was the 
waiue oFa spirit thati according to the superstitious notions of the times, 
haunted mines, destroyed the labours of the miners, and often gave them- 
a great deal of unnecessary trouble. The miners probably gave this name 
to the mineral out of joke, because it thwarted them as much as the sup- 
posed Spirit, by exciting false hopes, and rendering their labour often 
fruitless i for as it was not known* at first to wfTat use the mineral could 
be applied, it was thrown aside as useless. It was once customary in 
C^erniany to introduce into tlie church-service a prayer that God would 
preserve miners and their works from hobalts and spirits. See Bcckmaii’s 
History nf Invaitionsy ii. 362. 

Mathesiiis, in his tenth sermon, where he speaks of cadmia fossllh (pro- 
bably cobalt ore), says, “Ye- miners call it cobolt i the Germans call the 
black devil and the old devil’s whores and hags, old and black which 
by their witchcraft do injury to people and to their cattle:” 

Lehmann, Paw, Delaval, and several other philosophers, have suppo- 
sed that s! 7 iidU. (oxide of cobalt melted with glass and pounded) was 
known to the ancients, and used to tinge the beautiful blue glass still vi- 
sible in some of their works ; but we learn from Gmelin, who analysed' 
some of these pieces of glass, that they owe their blue colour, not to tlic 
pre.sence of cobulty but of h'ost. 

According to Lehmann, cobalt ore was first used to tinge glass blue hr 
Christopher Seburer, a giassmaker at Flatten, about the year 1540, 
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ted Swedish chemist obtained from it a new ccietal; to ^Chapo 
which he gave the name of cohali Lehmann publish- 
ed a very full account of every thing relating to this 
metal in 1761 Bergman confirmed and extended the 
discovery of Brandt in different dissertations published 
in the year 1780 J. Scarcely any farther addition was 
made to our knowledge of this metal till 17 t) 8 , when a 
paper on it was published by Mr Tassaert In the 
year ISOO, a new set of experiments were made upon 
it by the School of Mines at Paris, in order to procure 
it perfectly pure, and to ascertain its properties when 
in that state ||. In 1802 , anew series of trials was 
published by Thenard, which throw considerable light 
on its combinations with Oxygen If. And in 1806 , Mr 
Proust published a sOt of experiments upon the same 
subject Considerable attention has been lately paid 
to the purification of this metal ; but hitherto no one 
seems to have been fortunate enough to hit Upon a me- 
thod altogether free from objections ft* 

1. Cobalt is of a grey colour with a shade of red^ and 
by no means brilliant. Its texture varies according to 
the heat employed in fusing it. Sometimes it is com- 
posed of plates, sometimes of grains, and Sometimes of 
small fibres adhering to each other JJ. It has scarcely 
any taste or smell. 


^ Acta Upsalj 1733 174 * 

f Cadmiulogia^ odcr GcscLichie des F arben-Kobolds;, 

I Opitsc, ii. 444, 501. and iv 371. 

§ Ann. dc Clin. XXviii. lOI. 

|j FoUrcroy, Discmrs Pf’Aimhairej p. 114. 

^ Ann. dtt Chwu xlii. 210. Ibid. Ix, 260. 

ff See Richter, Gehlen’d Juur* ii. 53 ; Bucholz, Ibid. iii. 201 ; Philip^?: 
JPZw 7 . -far. xvi 31^. 

||: FA Ecolc des Mines* 
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to Bergman and the School of Mines at Fans, is 1*7. 
Mr Hatchett found a specimen 

3. It is brittle, and easily reduced to powder ; but if 
we believe Leonhardi,. it is somewhat malleable when 
red hot. Its tenacity is unknown. 

4. When heated to the temperature of 130* Wedge- 
wood, it melts 5 but no heat which we can produce is 
suflicient to cause it to evaporate. When cooled slowly 
in a crucible, if the vessel be inclined the moment the 
surface of the metal congeals, it may be obtained cry- 
stallized in irregular prisms f- 

5. Like iron, it is attracted by the magnet; and, from 
the experiments of Wenzel, it appears that it may be 
converted into a magnet precisely similar in its proper- 
ties to the common magnetic needle* 

Oxides. II. When exposed to the air it undergoes no change 

neither is it altered when kept under water. Its affini- 
ty for oxygen is not sufficiently strong to occasion a de- 
composition of the water. 

When kept red liot in an open vessel, it gradually 
imbibes oxygen, and is converted into a povder at first 
blue, but which gradualljr becomes deeper and deeper, 
till at last it becomes black, or rather of so deep a blue 
that it appears to the eye black. If the heat be very 
violent, the cobalt takes fire and burns with a red 
•flame. 

From the experiments of Thenard, it follows that 
cobalt is capable of combining with three doses of oxy- 
gen at least, and of forming three distinct oxides, which 
may be exbited in a separate state. 


On the Allots of Gold^ p. 6S, 


f Fourcroy, v. 137- 
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1. The protoxide of cobalt has a blue colour. It 
May be obtained by dissolving cobalt in nitric acid, and 
precipitating the cobalt from the solution by means of 
potash. The precipitate has a blue colour, but when 
dried in the open air it gradually becomes black. This 
black powder is to be kept for half an hour in that de- 
gree of heat known to manufacturers of iron utensils by 
■the name of cherry recL This heat expels the oxygen 
which it had absorbed in drying, and converts it into a 
fine blue colour. This oxide dissolves in acids with- 
t)ut effervescence. The solution of it in muriatic acid, 
if concentrated, is green 9 but if diluted with w^ater, it 
is red. Tts solution in sulphuric and nitric acids is 
alw’^ays of a red colour According to the analysis of 
Proust, this oxide is composed of 83 ^ of cobalt, and 
1=64- of oxygen f. 

2. When the protoxide of cobalt, newly precipitated 
from acids by potash, is exposed to the air, it gradually 
combines with an additional dose of oxygen, as The- 
nard ascertained by experiment, and assumes an olive 
green colour ; and b); cautiously drying it without tli-e 
aid of heat, it may be obtained in that state. This is 
the deutoxide of cobalt. When this oxide is treated 
with diluted muriatic acid, a moderate heat developes 
oxy muriatic acid gas, and a red coloured solution is ob- 
tained. Hence we see that the deutoxide of cobalt loses 
a portion of its oxygen during its solution in muriatic 
acid t- 

3 . When the protoxide or deutoxide of cobalt, newly 
precipitated from an acid, is dried by heating it in the 


Am- de Cblnu xlii. 313-' f Jhid, Ix. 367. | Ihld, xlii, 213. 
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open air^ it assumes a flea-brown colour, which gradu- 
ally deepens till at last it becomes black. This is the 
peroxide of cobalt. It dissolves with effervescence in 
muriatic acid, and a great quantity of oxymuriatic acid 
gas is exhaled. Mr Thenard considers the browm co- 
lour which the oxide of cobalt first assumes before it 
becomes black as a tritoxidc ; but his experiments are 
not sufficient to decide that point. 

According to the experiments of Proust, the peroxide 
IS composed of 80 parts cobalt and 20 parts oxygen 
JBut it is not unlikely, from the method employed by 
this ingenious chemist, that the proportion of oxygen 
which he obtained was too small. * 

With respect to the reddish precipitate which is 
sometimes obtained by precipitating cobalt from acids, 
and which has been considered as a peculiar oxide of 
cobalt, Mr Thenard suspects, that it is a combination 
of the oxide of cobalt with arsenic acid t* 

Proust howeyer has shown that the blue oxide has 
the property of combining with water, and forming 
what he caljs a hydrate of cobalt, and this hydrate has 
a red colour. 

{11. 1. Cobalt does not combine with carbon nor by-, 
drogen. 

2. It cannot be combined with sulphur by fusion. 
But sulphuret of cobalt may be formed by melting the 
metal along with sulphur previously combined with 
potash. It has a yellowish white colour, displays the 
rudiments of crystals, and can scarcely be decomposed 
by heat. 


I AnTi^ dc Chim, xlii. 


f Antu dc Chim. lx. 367 . 
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The sivlphuret of cobalt, according to Froust, may be Chap. iVo 
formed by heating together the oxide of cobalt and s,ul- 
phnr. It is composed, according to his experiments, 
of 7i'r parts of cobalt, and 284- of sulphur^ ; but he 
does not place much confidence in -the accuracy of this 
result. 

3. Phosphuret of cobalt may be formed bylieating PJhosplm^ 
the metal red hot, and then gradually dropping in small 
bitsof phosphorus. It contains about -j^th of phospho- 
rus. It is white and brittle ; and when exposed to the 
air, soon loses its metallic lustre. The phosphorus is 
separated by heat, and the cobalt is at the same time 
oxidated. This phosphuret is much more fusible than 
pure cobalt 

IV- Cobalt does not combine with azotic gas nor 
muriatic acid gas- 

V. Cobalt seems capable of combining with most Alloys 
of the metals, but its alloys are very imperfectly 
Jknown. 

1 . Mr Hatchett melted together 11 parts of gold Gold, 
and one part of cobalt- The alloy was of a dull yel- 
low colour, very brittle, and the fracture exliibited an 
earthy grain. Its specific gravity was i 7*1 12- The 
bulk of the metals before fusion being 1000, after fu- 
sion, became 1001. Hence they experienced a very 
small degree of expansion. The brittleness of gold al- 
loyed with cobalt continues when the cobalt does not 
exceed of the whole ; but when it is reduced be- 

JiL b dY-n. U. i/j, 


\ Pelletier, Uib xiii. 134. 



344 


BRITTLE METALS. 


, Boole L low that proportion, the p-old becomes somewhat duc«. 

division L ^ ^ ^ ^ ^ 

2. The alloy of cobalt and platinum has not beenex« 
amined. 

3. When two parts of cobalt and one of silver are 
melted together, the two metals are obtained separately 
after the process ; the silver at the bottom of the cru- 
cible, and the cobalt above it. Each of them, how- 
ever, has absorbed a small portion of the other metal : 
for the silver is brittle^ and dark coloured, while the 
cobalt is whiter than usual f . 

4. Cobalt does not combine with mercury J. 

5. The alloy of copper and cobalt is scarcely known, 

frdfij 6. The alloy of iron and cobalt is very hard, and not 

easily broken. Cobalt generally contains some iron, 
from which it is with great difficulty separated. 

7. The alloy of tin and cobalt is of a light violet 
colour, and formed of small grains. 

S. It was supposed formerly that cobalt does not 
combine with lead by fusion; for upon melting equal 
parts of lead and cobalt together, both metals are found 
separate, the lead at the bottom and the cobalt above. 
Indeed when this cobalt is melted with iron, it appears 
that it had combined with a little lead ; for the iron 
combines with the cobalt, and the lead is separated j|. 
But Gmelin has shown that the alloy may be formed. 
He put cobalt in powder within plates of lead, and co- 
vered them with charcoal to exclude the air. He then 
applied heat to the crucibles containing the mixtures. 


Hatchett on the J//ays of Gold, p, 19. 
f Gellcrt, p. 137. % Cronstedt. |j Gellert, p. 137. 


'MA5TGANESE. 

Equal parts of lead and cobalt produced an alloy, in 
which the metals appeared pretty uniformly distribu- 
ted, though in some cases the lead predominated. It 
was brittle, received a better polish than lead, which 
metal it resembled rather than cobalt j its specific gra- 
vity was S’ 12. Two parts of lead and one of cobalt 
produced an uniform mixture, more like cobalt than 
lead, very little malleable, and softer than the last. Its 
specific gravity was 8*28, Four parts of lead and one 
of cobalt formed an alloy still brittle, and having the 
fracture of cobalt, but the polish of lead. It was harder 
than lead. Six parts of lead and one of cobalt formed 
an alloy more malleable, and harder than lead. Its spe- 
cific gravity was 9*05. Eight parts of lead and one of 
cobalt was still harder than lead, and it received a bet- 
ter polish. It was as malleable as lead. Its specific 
gravity was 9'lS^'. 

9. Cobalt is often found naturally combined with 
nickel. 

10. It does not seem capable of combining with bis- 
muth nor with zinc by fusion. 


SECT. XXL 

OFMANGANESE. 

I. The dark grey or brown mineral called manganese^ 
in Latin magnesia (according to Boyle from its resem- 
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hknce to the magtiet'), has been long known and used 
in the manufacture of glass. A mine of it was disco- 
vei'ed in England by Boyle. A few experiments were 
made upon this mineral by Glauber in Id 56 and by 
Waiz in 1705 1 ; but chemists in general seem to have 
paid but very little attention to it. The greater num- 
ber of mineralogists, though much puzzled what to 
make of it, agreed in placing it among iron ores : but 
Pott, who published the first chemical examination of 
this mineral in 1740, having ascertained that it often 
contains scarcely any iron, Cronstedt, in his System of 
Mhuralogy^ which appeared in 1758, assigned it a place 
of its own, on the supposition that it consisted chiefly 
of a peculiar earth. Rinman examined itanew in 1765^9 
and in the year 1770 Kaim published at Vienna a set 
of experiments, in order to prove that a peculiar metal 
might be extracted from it §. The same idea had struck 
Bergman about the same time, and induced him to re- 
quest of Scheele, in 1771, to undertake an examination 
of manganese. Scheele’s dissertation on it, which ap- 
peared in 1774, is a master piece of analysis, and con- 
tains some of the most important discoveries of modern 
chemistry. Bergman himself published a dissertation 
on it the same year ; in which he demonstrates, that 
the mineral, then called vianganesey is a metallic oxide \\. 
He accordingly made several attempts to reduce it, but 
without success 9 the whole mass either assuming the 
form of scoriae, or yielding only small separate globules 


^ jProsperiias Germania:. f Weigleh’s Geschichte^ i. Jh'J. 

\ Mann. StocUolm^ 1765, p. MetaUis -dubiisi p, 4^- 

I Opusc. ii. 201. 
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attracted by the magnet. This difficulty ef fusion led 
him to suspect, that the metal he was in quest of bore 
a strong analogy to platinum. In the mean time. Dr 
Gahn, who was making experiments on the same mi- 
neral, actually succeeded in reducing it by the follow- 
ing process : He lined a crucible with charcoal powder 
moistened with water, put into it some of the mineral 
formed into a ball by means of oil, then filled up the 
crucible with charcoal powder, luted another crucible 
over it, and exposed the whole for about an hour to a 
very intense heat. At the bottom of the crucible was 
found a metallic button, or rather a number of small 
metallic globules, equal in weight to one-third of the 
mineral employed It is easy to see by what means 
this reduction was accomplished. The charcoal attract- 
ed the oxygen from the oxide, and the metal remained 
behind. The metal obtained, which is called memganese^ 
was farther examined by Ilseman in 1782, Hielm in 
1785, and Bindheim in 1789. 

1. Manganese, when pure, is of a greyish-white co- 
lour, and has a good deal of brilliaimy. Its texture is 
granular. It has neither taste nor smell. 

2. Its hardness is 9, or equal to that of iron. Its 
specific gravity, according to Bergman, is about 6*850 f . 

3. It is very brittle ; of course it can neither be ham- 
mered nor drawn out into wire. Its tenacity is un,. 
known- 

4. It requires, according to Morveau, the tempera- 
ture of 160° Wedgewood to melt it ; it is therefore 
somewhat less fusible than iron. 
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5. When reduced to powder, it is attracted by the 
magnet, owing probably to a small portion of iron, from 
which it can with difficulty be parted. 

IL Manganese, when exposed to the air, attracts oxy- 
gen with considerable rapidity. It soon loses its lustre, 
and becomes grey, violet, brown, and at last black. 
These changes take place still more rapidly if the me- 
tal be heated in an open vessel. 

This metal seems capable of combining with three 
different proportions of oxygen, and of forming three 
different oxides, the white^ the red^ and the Hack. 

1. The protoxide or white oxide may be obtained by 
dissolving the black oxide of manganese in nitric acid 
by adding a little sugar. The sugar attracts oxygen 
from the black oxide, and converts it into the white, 
which is dissolved by the acid. Into the solution pour 
a quantity of potash ; the protoxide precipitates in the 
form of a white powder. It is composed, according to 
Eergman, of SO parts of manganese and 20 of oxygen. 
When exposed to the air, it soon attracts oxygen, and 
is converted into the black oxide 

2. The deutoxide or red oxide may be obtained by 
dissolving the black oxide in sulphuric acid, without 
the addition of any confbustible substance. When black 
oxide of manganese, made into a paste with sulphuric 
acid, is heated in a retort, a great quantity of oxygen 
gas comes over, while the oxide, thus deprived of part 
of its oxygen, dissolves in the acid. Distil to dryness, 
and pour water upon the residuum, and pass it through 
a filter. A red coloured solution is obtained, consist 
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iag of the sulphate of manganese dissolved in the water , 

On the addition of an alkali, a red substance precipi- 
tates, which is the red oxide of manganese* According 
to Bergman, it is composed of 74 parts of manganese 
and 26 of oxygen This oxide likewise attracts oxy- 
gen when exposed to the atmosphere, and is converted 
into the black oxide. 

3. The peroxide or hlach oxide of manganese exists Pcroxidci 
abundantly in nature j indeed it is almost always in this 
state that manganese is found. It was to the black ox- 
ide that the appellation manganese itself was originally 
applied. It may be formed %^ery soon by exposing the 
metal to the air. This oxide, according to Fourcroy, 
is composed of 60 parts of manganese and 40 of oxy- 
gen f* When heated to redness in an earthen retort, 
it gives out abundance of oxygen gas, which may be 
collected in proper vessels. By this operation it is re- 
duced nearly to the state of red oxide. If it be expo- 
sed to the air, and moistened occasionally, ,it absorbs a 
new dose of, oxygen ; and thus the same process may 
again be repeated J. No oxygen gas can be obtained 
from the white oxide : a proof that its oxygen is re- 
tained by a stronger affinity than the additional dose of 
oxygen which constitutes the black oxide, Seguin has 
observed, that in some cases the black oxide of manga- 
nese emits, before it becomes red, a quantity of azotic 


* Opusc. ii. 215. t Fourcroy, v. 177. I 

% It may be necessarv to mention, that with me this absorption has I 

succeeded but imperfectly, unless when the red or white oxi^les of man» I 

g-anese have been precipitated from an acid, | 
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gas When long exposed to a strong heat, it assnmesi 
a green colour* In that state it is whitened by sul-* 
phuric acid, but not dissolved f . A very violent heat 
fuses this oxide, and converts it into a green coloured 
glass. 

III. 1. Manganese does not combine with hydrogen. 
When dissolved in sulphuric acid, a black spongy mass 
of carburet of iron is left behind. Hence it has been 
supposed capable of combining with carbon ; but it is 
more probable that the carbon is combined with the 
iron, which is almost always- present in manganese. It 
seems pretty cleat, however, that carburet of iron is 
capable of combining with this metal, and that it always 
forms a part of steel. 

2. Bergman did not succeed in his attempt to com- 
bine manganese with sulphur ; but he formed a sulphu- 
reted oxide of manganese, by combining eight parts of 
the black oxide with three parts of sulphur. It is of a 
green colour, and gives out sulphureted hydrogen gas 
when acted on by acids It cannot be doubted, how- 
ever, that sulphur is capable of combining with man- 
ganese ; for Proust has found native sulphuret of man- 
ganese in that ore of tellurium which is known by the 
name of gold ore of Nagyag §. 

3. Phosphorus may be combined with manganese by 
melting together equal parts of the metal and of phos- 
phoric glass ; or by dropping phosphorus upon red hot 


Owing most likely to the filtration of air through the earthen ware 
retort, in wiiich the manganese was heated. I have never observed any 
azotic gas when manganese is heated in an iron bottle, 
f Bergman, ii. 216. p. 

i Jcur, * r/>ys, Ivi. T. 
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snanganese. The phosphuret of manganese is of a 
white colour, brittle, granulated, disposed to crystallize, 
not altered by exposure to the air, and more fusible than 
manganese. When heated the phosphorus burns, and 
the metal is oxidized*. 

IV. Manganese does not combine with either of the 
simple incombustibles. 

V. Manganese combines with many of the metals, 
and forms with them alloys which have been but very 
imperfectly examined. 

1. We are indebted to Mr Hatchett for some curious 
experiments on the alloy of manganese and gold. . Olive 
oil was repeatedly mixed and burned with black oxide 
of manganese, after which a piece of gold was imbed- 
ded in the oxide, placed in a crucible lined with char- 
coal, and well luted. The crucible was exposed for 
three hours to a strong heat. By this means a portion 
of manganese was reduced and combined with the gold. 
The alloy was externally of a pale yellowish grey co- 
lour, with a considerable lustre, almost equal to that of 
polished steel. It was very hard, and possessed some 
ductility. The fracture was coarse, very spongy, and 
of a reddish grey colour. It was not altered by expo- 
sure to the air. From the analysis of Mr Bingley, the 
alloy was found to vary in the proportion of manganese 
from -|-th to -Jth of the whole. It is more difficult of 
fusion tlian gold. When kept melted wnth access of 
air, the whole manganese is oxidized, and swnms on the 
surface. The manganese may be separated by cupeL 
lation with leadf- 
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*Pelletiei»j Ann. dcC/jiTfi.'x.m. 137. 

I Hatchett on the AIlojs of GoUiy p. %%. 



S52 


BRITTLE METALS^ 


Book I. 
Division I. 

Copper, 


IroD, 


Mercury. 


Manganese unites readily with copper. The Com« 
pound, according to Bergman, is very malleable, its co-^ 
lour is red, and it sometimes becomes green by age^ 
Gmelin made a number of experiments to see whether 
this alloy could be formed by fusing the black oxide of 
manganese along with copper. He partly succeeded^ 
and proposed to substitute this alloy instead of the al- 
loy of copper and arsenic, which is used in the arts 

It combines readily with iron 5 indeed it has scarcely 
ever been found quite free from some mixture of that 
metaL Manganese gives iron a white colour, and ren- 
ders it brittle. It combines also with tin, but scarcely 
with zinc f. 

It does not combine with mercury nor with bismuth, 
Gmelin found that manganese cannot be alloyed with 
bismuth without great difficulty ; and that it unites to 
antimony very imperfectly Chemists have not at- 
tempted to combine it with platinum, silver, nickel^ 
nor cobalt, 


SECT. XXII. 

OF CHROMIUM- 


Hlstory. I. Ijt the year 1766, Lehman, in a letter to Buflbu^ 
published the first description of a beautiful red mine- 


* Gottingen Coniraent. 1787, vol. ix, p. 75, 
I Ann, de Chim, xix. 366 , 


f Bergman, ii. 0 ,^$ 
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ral wit:h a shade of yellow, crystallized in four-sided Chap, 
prisms, which is found in the mine of Beresof, near E- 
katerimbourg in Siberia. This mineral, known by the 
name of red lead ore of Siberia^ was used as a paint, and 
is now become exceedingly scarce and dear. It was 
examined soon after by Pallas, who considered it as a 
compound of lead, arsenic, and sulphur. Macquart, 
who in 1783 was sent upon a mineralogical expedition 
to the north of Europe, having brought a quantity of 
it to Paris, analysed it in 1789, in company with Mr 
Vauquelin. These gentlemen concluded, from their 
analysis, that it is a compound of the oxides of lead and 
of iron. On the other hand, Mr Bindheim of Moscow 
concluded from an analysis of his own, that its ingre- 
dients are lead, molybdic acid, and nickel. These dis- 
cordant analyses destroyed each other, and prevented 
mineralogists from putting any confidence in either* 

This induced Vauquelin, who had now made himself a 
consummate master of the art of analysing minerals, to 
examine it again in 1797 He found it a combination 
of the oxide of lead and an acid, with a metallic basis, 
never before examined. By exposing this acid to a 
violent heat along with charcoal powder, he reduced it 
to the metallic state ; and to the metal thus obtained he 
gave the name of chromium ^ * The experiments of 
V auquelin have been since repeated and verified by 


^ Arifu de Cbim. xxv. 21. and 194. 

f From because it possesses the property of gwtng colour to 

other bodies in a remarkable degree. 

Fol, 1. 


7 ^ 
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ter lias lately succeedect in -reducing chromium to the- 
metaliic state, and in ascertaining some of its most im- 
porteot ■ properties J . 

Properties, *jrhe colour of chromium is white, intermediate be- 
tween that of tin and steel. Its specific gravity is only 
5 * 90 . 

It is extremely brittle, assumes a good polish, and^ 
according to the observation of Ritter, is magnetic, but 
inferior in this respect to iron, nickel, and^ cobalt [[. 
Acids act upon it with great difficulty. According 
to Richter, neither nitric nor muriatic acid dissolve it, 
even at a boiling heat ; but nitro-munatic acid converts 
it v^ry slowly into muriate of chromium .. 

It' requires a very high temperature to melt it ; but 
the precise degree has not been ascertained. Richter 
succeeded in melting it in small grains in a porcelain 
furnace. 

Oxides. II- Chromium is not altered by exposure to the air : 

butwhen heated it is gradually converted into an oxide,. 
Whether it is altered by being kept under water has 
not been ascertained. Chromium seems capable of 
combining with three dilTerent proportions of oxygen, 
and of forming three oxides ; namely, the green^ the 
brown, and the yellow or ch7'077nc acicL 


* Creirs Annals y 1798, i. So. Mr Klaproth had examined the red lead 
cn In consequence of the analysis of Bindheim. His experiments led liiin 
£0 conclude, that the metallic acid, combined with the lead, was not the 
molyba c, bu? the acid of some new unknown metal ; but his specimen 
was t<jo small to enable him to decide the point. In the mean time, 
Vauqurlin's experiments were published, 
f Ibid. 1799, i. 2:5. 

^ Gehlen's Joar.Y. 351. 


t Ibid. 1798,1. 355, 
li Ibid, V. 394. 
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1. The protoxide, or green oxide, may be obtained , 
by exposing chromic acid to heat in close vessels 5 oxy- 
gen gas passes over, and the green oxide remains be- 
hind. 

2 . The deutoxide, or brown oxide, is intermediate 
between the green oxide and chromic acid. Moussin 
Pouschkin, who first described this oxide, compares it 
to the brown oxide of iron* He has not given an ac- 
count of the method by which he obtained it 

3 . The peroxide, or chromic acid, is found native in 
the red lead ore^ It is a red or orange yellow powder, 
soluble in water, and composed of 33 parts of chromi- 
um aiid 67 of oxygen. 

The remaining properties of chromium have not been 
examined. 


SECT. XXIIL 

♦ 

OF URANIUM. 

I. There is a mineral found in the George Wagsfort History 
mine at Johnan-Georganstadt, in Saxony, partly in a 
pure or uiimixed state, and partly stratified with other 
kinds of stones and earths. The first variety is of a 
blackish colour, inclining to a dark iron grey, of a mo- 
derate splendor, a close texture, and when broken pre- 
sents a somewhat even, and (in the smallest particles) 


Crell’s Annals 3 ii, 445, 


350 


BRITTLE METALS. 


. Book L 
Division I. 


How ok- 
tained* 


a conch oidal surface. It is quite opaque, tolerahly 
hard, and on being pounded yields a black powder. Its 
specific gravity is about '7 *5 00. The second sort is di» 
stinguished by a' finer black colour, with here and there 
a reddish cast : by a stronger lustre, not unlike that of 
pitcoal ; by an inferior hardness ; and by a shade of 
green, which tinges its black colour when it is reduced 
to powder 

This fossil was called pechhlende ; and mineralogists, 
misled by the name f , had taken it for an ore of zinc^ 
till the celebrated Werner, convinced from its texture, 
hardness, and specific gravity, that it was not a blende, 
placed it among the ores of iron. Afterwards he sus- 
pected that it contained tungsten ; and this conjecture 
was seemingly confirmed by the experiments of some 
German mineralogists, published in the Miners Jour- 
nal But Klaproth, the most celebrated analyst in 
Europe, examined this ore in 1789, and found that it 
consists chiefly of sulphur, combined with a peculiar 
metal, to which he gave the name of uranium 

Uranium was afterwards examined by Richter, and 
more lately an elaborate set of experiments has been 
published on it by Bucholz j|. 

To obtain uranium from its ore, the mineral is to be 
treated with nitric acid, which dissolves the metallic 


^ Klaproth, Crell’s Jaur. Engl, transl. i. ia 6 . 

I WLende is the name given to ores of zinc. t Ibid. 

§ From Uranus the name given by Mr Bode to the new 

planet discovered by Herschei ; which name the German astronomers 
Iiave adopted, Mr Klaproth called the metal at first uranite ; but he 
terwarcls changed that name for ursnium.^ 

!! Gehkn’s Jour, iv. 17. 
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portion, and leaves the greater part of the foreign bo- , ChapJV* 
dies. The solution usually contains iron, copper, and 
lime as well as uranium. By evaporating it to dryness, 
and exposing the dry mass to a moderately strong heat, 
the iron is rendered insoluble, while the other ingredi- 
ents are taken up by distilled water. Ammonia pour- 
ed into this solution, and digested in it for some time, 
retains the copper, but throws down the uranium. 

The precipitate is to be well washed with ammonia 
till the liquid comes off colourless ; it is then to be dis- 
solved in nitric acid, concentrated by evaporation, and 
set by to crystallize. The green coloured crystals 
that form are to be picked out, dried on blotting paper, 
dissolved in water, and the liquid again crystallized. 

By this means the whole of the lime, should any be pre- 
sent, is gradually left behind, and the crystals consist at 
last of pure oxide of uranium, united to nitric acid. 

They are to be exposed to a red heat ; a yellow pow- 
der remains, which is oxide of uranium. This powder 
is to be mixed with a small quantity of charcoal powder, 
and exposed to a violent heat- By this method it is re- 
duced to the metallic state 

1. Hitherto uranium has not been obtained in masses Properties, 
of any considerable size ; the heat requisite to melt it 
being much greater than can be raised in furnaces. It- 
follows, from the trials of Bucholz, that no flux is of 
any service in facilitating the fusion of this metal ; that 
its refractoriness does not, as Richter suspected, proceed 
from the presence of iron 5 that charcoal powder, when 


^ See Klaproth’s BeltragCj il. 476. Eng. trans. and Bucholz, Gehlsp^t 
iv. 19. 
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— ^ that we accomplish our purpose best when the oxide is 
mixed with a portion of charcoal not exceeding 
the weight. This mixture is to be inclosed in a char- 
coal crucible, to exclude the air, and exposed to the 
strongest heat that can be raised. Klaproth, in a heat 
of no® Wedgewood, obtained a porous metallic mass, 
firmly cohering ; andBuchoIz procured it nearly in the 
same state. 

2. Its colour, when thus obtained, is iron grey ; it 
has considerable lustre, and is soft enough to yield to 
the file. Its malleability and ductility are of course 
■unknown. Its specific gravity, in Klaproth’s trials, 
was only 8* 100. But Bucholz obtained it as high as 
9-000. 


fcombina- 
tion with 
oxygen. 

protoxide. 


II. From the experiments of Bucholz, we learn that 
uranium is capable of uniting with various doses of 
oxygen. 

1. When uranium is heated to redness in an open 
vessel, it undergoes a species of combustion, glowing 
like a live coal, and is soon converted into a greyish 
black powder, which undergoes no farther change, 
though the heat be continued. This powder is the prot- 
oxide of uranium. One hundred parts of the metal, 
when thus oxidized, increase in weight so as to become 
105-17. Hence this oxide is composed of about 
95*1 uranium 
4*9 oxygen 


100-0 


Bucholz, Ibid, p, 35 . 
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2. When uranium or its oxide is dissolved in nitric 

acidj and the solution is treated with an alkali, the me- Peroxide* 
tal is precipitated in the state of a peroxide. The same 
peroxide is procured by precipitating uranium from sul- 
phuric or muriatic acids, and exposing it while moist 
to the air. The peroxide thus obtained, when well 
washed and dried, is yellow, tasteless, and insoluble in 
water. When treated with muriatic acid, it dissolves 
with effervescence, oxy muriatic acid gas being disen- 
gaged. This oxide, according to Eucholz, is composed 
of from 76 to 80 parts of uranium, united with from 
14 to 20 of oxygen. Hence 100 parrs of the metal, 
when peroxidized, increase in weight so as to become 
between 126 and Ib'l. Experiment has not hitherto 
ascertained the exact proportion 

3. Bucholz is of opinion, that besides these two oxides Other 
there are several intermediate degrees of oxidizement 

of which the metal is susceptible, each of w^hich is cha- 
racterized by a peculiar sliade of colour. When the 
black oxide is dissolved in sulphuric acid, and thrown 
dovrii by ammonia, it is at first blackish grey, but soon 
assumes a violet colour. When the solution of ura- 
nium in nitric acid is evaporated to dryness, . and expo- 
sed to a red heat, a yellowish brown powder remains, 
inclining to green. All thes; colours Bucholz consi- 
ders as indicating so many degrees of oxidizement. The 
following, according to him, is the suite of colours 
through which the oxides of uranium pass, every one 
including a peculiar oxide f . 

Protoxide. ...... Greyish black. 


^ BucholZj Ibid. p. 27. 


f Ibid. p. 4'0« 
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Second oxide. . . .Dark grey, inclining to violef® 
Third oxide. . . . .Greenish brown. 

Fourth oxide Greyish green. 

Fifth oxide Orange. 

Peroxide .Lemon yellow. 

III. No experiments have been made to ascertain the 
compounds which uranium is capable of forming with 
any of the simple combustibles, except with sulphur. 

1* Klaproth mixed the peroxide of uranium with 
twice its weight of sulphur, and heated it in a retort till 
most of the sulphur was driven off. The residuum was 
a blackish brown .compact mass. Bj increasing the 
heat, the whole of the sulphur was driven off, and the 
Uranium remained in the metallic state in the form of a 
black heavy coarse powder Bucholz’s experiment? 
though made in a different way, led nearly to the same 
result. He boiled a mixture of sulphur and oxide of 
Uranium in an alkaline solution to dryness, heated the 
residue to redness, and then treated it with distilled wa- 
ter. A blackish brown powder remained behind, and 
small needles of a red colour appeared in the solution. 
In one trial, the compound which he obtained gave out 
some sulphureted hydrogen w'hen dissolved in muriatic 
acid. This is a proof that it was not a sulphureted 
oxide, but a sulphuret of uranium f* 

IV. Uranium is but imperfectly soluble in muriatic 
acid. Azote, we may infer from analogy, does not act 
Upon it. 

V. Nothing is known respecting the combinations of 
uranium with the other metals ; Bucholz having been 


'P ^ciirage^ il 313. 


I Gehlen’s Jou}\ iv. 47, 
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fiitherto prevented from making- any experiments on that ^ 

part of the subject, by the want of a sufficient quantity 
-of uranium^ 


SECT. XXIV. 

OF MOLYBDENUM. 


I. 1 HE Greek word and its Latin transla- History, 

tion plumbago y seems to have been employ e^by the an- 
cients to denote various oxides of lead ; but by the mo- 
derns they were applied indiscriminately to all substan- 
ces possessed of the following properties : Light, fria- 
ble, and soft, of a dark colour and greasy feel, and which 
leave a stain upon the fingers «. Scheele first exami'.ied 
these minerals with attention. He found that two very 
different substances had been confounded together. To 
4Dne of these, which is composed of carbon and iron, 
and which has been already described, he appropriated 
the vfoxd plumbago ; the other he called molyhdena, 

Moiybdena is composed of scaly particles adhering 
slightly \o each other. Its colour is bluish, very much 
resembling that of lead, Scheele analysed it in 1718, 
and obtained sulphur and a whitish powder, which pos- 
sessed the properties of an acid, and which, therefore, 
lie called acid of moiybdena* . Bergman suspected this 
;,acid, from its properties, to be a metallic oxide ; and at 


® Scheele, u 



sm 


BRITTLE metals. 


Book L 
l!>ivis?on 


How pro- 
cured. 


his request, Hielm, in ITS:?, undertook the laborious 
course of experiments by which he succeeded inobrain- 
ing a metai from this acid. His method was to form 
it into a paste with linseed oil, and then to appl v a very 
strong heat. This process he repeated several times 
successively To the metal which he obtained he 
gave the name of molybdenum The experiments of 
Scheele were afterwards repeated by Pelletier Use- 
man §, and Heyer || ; and not onlj full}’’ confirmed, but 
many new facts discovered, and the metallic nature of 
molybdic acid was beyond a doubt : though, in 
consequence of the very violent heat necessary to fuse 
molybdenum, only very minute grains of it have been 
hitherto obtained in the state of a metal • Still more 
lately Mr Hatchett has published a very valuable set 
of experiments, which throw much new light upon the 
nature of this metal We are indebted to Bucholz, 
for the last and not the least elaborate and important 
set of experiments on this refractory metal and its com- 
pounds 

The simplest method of procuring molybdenum in a 
state of purity, seems to be that put in practice by 
Hielm. Molybdena is roasted in a moderate red beat 
slowly and repeatedly, till the whole is reduced to the 
state of a fine powder, and passes through a sieve. The 
powder is to be dissolved in ammonia, the /olution fil- 
tered, and evaporated to dryness. The resfiduum being 
'moderately heated (adding a little nitric acid) leaves a 


Bergman’s Sda^raphiay p. 19. transl. 
f Creli’s Ansuis^ 1790, i. 39, &c. 'j J .> 4 ? Pfiys. 1785, Decembre. 

§ Creli’s A vzu//, 1787, i. 407- H Ibid. 1787,11.21. and 124. 

PLiL Trans. P* 3 ^ 3 * Gelllcu’s Jour. iv. 398. 
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wliite powder, which is the pure oxide of molyhde- 
BLim By mixing this oxide with some oil or char- 
coal powder, and exposing it to a violent heat, it is re- 
duced to the metallic state. The method followed by 
Bucholz was nearly similar. He has shown that heat 
reduces the oxide to the metallic state without its being 
necessary to add any charcoal. But no heat which he 
could raise w^as high enough to melt this refractory 
metal into a solid button. The experiments of preceding 
chemists had been equally unfortunate. 

I. Hitherto the metal has been obtained only in small 
grains, or in pieces imperfectly agglutinated, and which 
break readily wd\en struck. Its colour, from the ob- 
servations of Bucholz, seems to be silvery white, but 
it frequently has a shade of yellow. Hielm found its 
specific gravity only '7*400 ; but Bucholz, w^hose spe- 
cimens had doubtless been exposed to a more violent 
heat, and were more compact, found it as high as 

Molybdenum is brittle. It is not altered though kept 
tinder water. The effect of exposure to the air has not 
been ascertained in a satisfactory manner. 

IL When exposed to heat in an open vessel, it gra- 
dually combines with oxygen, and is converted into a 
•white oxide, which is volatilized in small brilliant 
needle-form crystals. This oxide, having the proper- 
ties of an acid, is known by the name of molyhdic acid^ 

From the experiments of Bucholz, compared with 
the previous observations of Hatchett, we learn that 
molybdenum is capable of combining -with at least four 

» 
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^ Crell’s AnnaU^i lif. 338. Eng. trans. 


f Gehlen’s Jour. iv. 61S. 
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difFerent doses of oxygen, and of forming four oxides ; 
namely, 1. the brown ; 2 . the violet ; 3. the blue ; and 
4. the white, commonly known by the name of mo- 
lybdic acid. 

1. The hrown oxide is obtained by exposing molyb- 
denum in powder to a red heat. Nothing is known 
respecting the proportion of oxygen which it contains. 
Indeed Bucholz inferred from the colour merely that it 
is a peculiar oxide, without subjecting it to a particular 
examination. 

2. By exposing the metal to a longer and rather a 
more violent heat, it assumes a violet hrovon colour, 
which Bucholz considers as the second oxide. When 
the molybdate of ammqnia is exposed to a violent heat 
in a crucible, a violet brown mass remains behind, ha- 
ving more or less cohesion according to the tempera- 
ture, and a considerable degree of metallic lustre. This 
residue Bucholz considered at first as the metal reduced, 
but a more complete investigation convinced him that 
it was a peculiar oxide. Probably it is the same with 
the second oxide obtained directly by heating the metal, 

3. The blue oxide may be obtained by carrying the 
heating of the molybdenum a little farther. But Bu- 
cholz found this a very tedious and uncertain method. 
The following process succeeded much better : Mix 
together one part of molybdenum in powder and two 
parts of molybdic acid, and triturate them in a porce- 
lain mortar made into a pap with hot water till the mix- 
ture becomes blue, then add eight or ten parts of water, 
and boil the whole for a few minutes. Filter the solu- 
tion, and evaporate i^ a temperature not exceeding 120°. 
The blue oxide remains in the state of a fine powder. 
If the whole of the mixture of molybdenum and mo- 
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lybdic acid be not dissolved, the process may be repeat- 
ed with the residue as often as is necessary. This blue 
oxide possesses in fact the properties of an acid. It con- 
verts vegetable blues to red, is soluble in water, com- 
bines with the saline bases, and forms salts. The name 
of molyhous acid may be given to it. Molybdenum 
appears always to be converted into this oxide when 
left in contact with water and air, or when water mix- 
ed with it is slowly evaporated. The blue oxide seems 
to be composed of about 100 parts metal and 34 oxy- 
gen» 

4. The white oxide, or molybdic acid, is obtained 
most easily from native molybdena, by roasting it for 
some time, and then dissolving the grey residue in am- 
monia, Nitric acid dropt into the solution precipi- 
tates the molybdic acid in a state of purity The acid 
thus obtained is in fine white scales ; but when melted 
and sublimed it becomes yellow. Its properties were 
first investigated by Scheele. It converts vegetable 
blues to red ; but according to Bucholz, not with so much 
readiness as the blue oxide, which in his opinion is the 
more powerful acid of the two. It is composed, accord- 
ing to his experiments, of about parts metal, and 
33-f oxygen, or of 100 metal and 50 oxygen. 

Bucholz supposes, that between the blue and the 
white oxides there is an intermediate oxide, the colour 
of which is hkdsh green^ and which likewise possesses 
acid properties. 

III. 1. Molybdenum combines readily with sulphur; 
and the compound has exactly the properties of mo- 
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^ Bucholz^ Gehletis Jour* iv. 604, 
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Ijbdena^ the substance which Scheele decompounded 
Moljbdena is therefore sidplniret of ??iolyhde7mm. The 
reason that Scheele obtained from it moljbdic acid was^ 
that the metal combined with oxygen during his pro- 
cess. Siilphiiret of molybdenum may be formed also 
by distilling together one part of inolybdic acid and five 
pans of sulphur. From the experiments of Bucholz 
we learn, that it is composed of about 
60 metal 
40 sulphur 

loot- 

Molybdenum is also capable of combining with 
phosphorus' t- 

„ : Muriatic acid has but little effect upon molyb- 

denum phut it dissolves its oxide. The action of a- 
zote has not been examined. 

Moys with To the indefatigable industry of Hielm, we are 

indebted for a set of experiments on the alloys of mo- 
lybdenum with other metals. 

1. With gold it melts only imperfectly, and forms a 
blackish brittle mass, from which a considerable por- 
tion of the gold eiiquales when it is kept in a strong 
heat. The alloy is attacked by nitric acid. The gold 
subsides in the state of a fine powder, and the molyb- 
denum lies over it in the form of white oxide. The 
proportions tried were 

Gold .....O, 4, 2. 

Molybdenum 2, 2, 2. 


Book T. 
X)msion I. 


•5ff Pelletier, Jour. Je Phys, 178^. 

I PelkticT, Amu ds Qhlm, xiii. 137. 


f Gehlen’s Jotn\ iv. 6 oj> 
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None of these compounds could be brought mto per- 
Ibct fusion even by the assistance of borax 

2® Equal parts of platinum and molybdenum melt- Flatiau«i« 
ed into a hard irregular brittle mass, of a close texture, 
a light grey colour, and a metallic lustre. Three parts 
of molybdenum, and one of platinum, did not melt com- 
pletely- The same difficulty of fusion was experienced 
when the proportion of platinum was augmented. The 
specific gravity of this alloy was found by Hielm to 
be 20 f. 

3. Four parts of silver and two of molybdenum were Silver, 
strongly heated in a crucible, but did not yield a button. 

By continuing the heat a portion of the silver eliqua- 
ted, still retaining a part of the molybdenum, and be- 
coming bluish when heated. The residuum being melted 
again in charcoal, became more compact, was brittle, 
of a grey colour, and a granular texture. When melt- 
ed by itself silver eliquated. By nitric acid the silver 
was taken up from this alloy, and the molybdenum 
converted into white oxide. 

Four parts of silver and one of molybdenum gave a 
malleable compound, but it could not be melted into a 
round button. It was of a silver colour and granular 
texture. 

One part of silver and two of molybdenum melted 
into a granular, brittle, greyish lump. When heated 
oil charcoal the molybdenum evaporated, and the silver 
remained. The molybdenum may be separated from 
silver by cupellation, especially if the alloy has been 
previously calcined J. 


Hiclra, Crell’s hi. 356. Eng. trans. 

■Ir Ihlil p. 5a. and dc Chhn. W. 17.. t Crell’s .innaU, ill 361. 
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Copper,. 


Iron, 


Nickel, 


4. Hieltn could not succeed in his attempts to unite^ 
mercury and molybdenum 

5. Equal parts of molybdenum and copper formed 
an alloy which yielded to the hammer a little, but at 
length broke in pieces, exhibiting a granular texture, 
and a bluish colour mixed with red. It admitted of 
being filed ; and the surface thus exposed was paler 
than copper, and did not lose its lustre by exposure to 
the air. Four parts of copper and 14- molybdenum 
formed an alloy not very different in its properties ; but 
when the metals were mixed in the proportion of one 
part copper and two molybdenum, the alloy was brit« 
tie, and of a reddish grey colour. Nitric acid dissolved 
the copper, and left the white oxide of molybdenum t* 

6. Equal quantities of iron and molybdenum melt 
readily, and form a brittle alloy, of a bluish grey co- 
lour, and considerable hardness. Its fracture was fine, 
scaly, and granular. Before the blow-pipe it melted 
with intumescence, but without sparks. One part of 
iron and two of molybdenum formed a brittle alloy, 
of a fine grained texture, and light grey colour. It was 
magnetic, and did not melt before the blow-pipe. Of 
all the metals, iron seems to unite most readily with 
molybdenum J. 

7. Equal quantities of molybdenum and nickel melt- 
ed into a button, internally of a light grey colour, yield- 
ing somewhat to the hammer before it broke, and ex- 
hibiting a granular texture. It was not magnetic, and 
did not melt before the blow-pipe. When the propor- 
tion of molybdenum is increased, the fusion of the 


? Clrell’s Annals^ iii. 358. f P* 


t fbid, p, 37c-- 
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becomes more difficult ; in. other respects, its prdper-* 
ties continue nearly the same 

8. Equal parts of tin and molybdenum melted into 
a blackish grey, granular^ brittle^ soft mass* Wheii 
t^o parts of tin and one of molybdenum were melted 
together, the alloy was harder than the preceding, but in 
other respects agreed with it. Four parts of tin and one 
of molybdenum formed a still harder alloys which ad- 
mitted of being hammered a little, did not crackle like 
tin when bent, and in its fracture exhibited a greyish 
colour and granular texture. When strongly heated, 
the tin did not eliquate till the alloy Was pressed with 
the forceps t* • 

9. Ten parts of lead and one of molybdenum, when 
melted together, form an allOy which is somewhat 
malleable, and whiter than pure lead; When kept 
heated, the lead partly eliquates. When the propor- 
tion of molybdenum is increased, the alloy becomes 

brittle^ dark coloured,* and more difficult of fusion J. 

*> • . ' 

1©. The volatility of zinc renders it difficult to alloy 
that metal with molybdenum. Equal parts of the two 
metals^ strongly heated in a covered crucible, left a black 
mass almost in a powdery state J. 

11, The combination of bismuth and molybdenum 
is equally obstructed by the volatility of the former 
metal. When they are melted together, the bismuth is 
driven off, and a black brittle mass remains, consisting 
chiefly of molybdenum. Four parts of bismuth and 
one of molybdenum, being melted together in a bed of 
charcoal, gave a black brittle mass, together with a but« 
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Creil’a Annals, ii;, 367, 
t Ibid. p. 388. 


+ Ibid. p. 373» 
§ Ibid. p. 375n 
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Antimony, 


Arsenic, 


Cobalt, 


Manganese. 


ton of bismuth, which retained a portion of inolybde-- 
num. This button bore a few strokes of the hammer 
but at length broke in pieces. Its texture was closer 
than bismuth, and it was very fusible 

12. When antimony and molybdenum were melted 
together, the antimony exhaled, leaving the molybde- 
num in the state of a black mass. By adding antimo- 
ny to this mass, and repeating the fusion twice, a por- 
tion of the antimony adhered to the molybdenum, and 
fbrmed an alloy of a yellowish grey colour and brittle f. 

13. When arsenic and molybdenum are melted to- 
gether, the whole of the arsenic sublimes , but when 
oxide of arsenic is employed, a combination takes place^,, 
fTom which the arsenic is not easily separable again 

14. Equal parts of cobalt and molybdenum melted 
into a button of a grey colour, brittle, and of difficult 
fusion. Two parts of cobalt and four of molybdenum 
gave an alloy of a sparkling reddish grey colour, Imrd^ 
brittle, not attracted by the magnet,, internally granular^ 
and of a bluish grey colour 

15* Equal parts of manganese and molybdenura 
melted into an irregular button, not fusible before the 
blow* pipe, and not colouring borax tiE after it had been 
roasted 1| . 


CreU's Afifnalsf p. 363. f Ibid. p. 377* 

7 Ibid. p. 36S. § Ibid, p. 371. 11 Ibid. p. 376 
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SECT. XXV. 

OF TUNGSTEN. 

L ^|."'here is a mineral found in Sweden of an opaque Histoi"^% 
whue colour and great weight ; from which last cir- 
cumstance it got the name of tungsten^ or ponderous 
stone. Some mineralogists considered it as an ore of tin, 
others supposed that it contained iron. Scheele ana- 
lysed it in 17 S 1 , and found that it w^as composed of 
lime and a peculiar earthy-like substance, which he cal- 
led from its properties tungstic acid Bergman con- 
jectured that the basis of this acid is a metal f; and 
this conjecture was soon after fully confirmed by the 
experiments of Messrs D’Elhuyar, who obtained the 
same substance from a mineral of a browmish black co^*. 
lour, called by the Germans wolj’ram J, which is somcr 
times found in tin mines. This mineral they found to 
contain of tungstic acid 5 the rest of it consisted of 
manganese, iron, and tin. This acid substance they 
mixed with charcoal powder, and heated violently in a 
crucible. On opening the crucible after it had cooled, 
they found in it a button of metal, of a dark brown co- 
lour, which crumbled to powder bet^veen the fingers. 

On viewing it with a glass, they found it to consist of 
a congeries of metallic globules, some of which were as 


Scheelc, il. 8 r. f Ibid, ii. 91. 

I Wolfram had been analysed in 176' by Lehmann. He imagined It 
a compound of iron and tin. See his Frobierhin^f^ p. S, 
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Biv-isionl. .... . . 

» tungsten, Ihe manner m which it is produced is evi- 
dent : tungstic -acid is composed of oxygen and tiing- 
stei) ; the oxygen combined with the carbon, and left 
the metal in a state of purity 

The experiments of the Elhuyarts were repeated in 
1796 by Vauquelin and Hecht, in general with suc- 
cess ; but they were unable to procure the metal eom- 
pfetely fused, though this had been^ accomplished by 
the Spanish chemists +. Nor is this to be wondered at, 
as Dr Pearson f and Mr Klaproth § had made the same 
attempt before them without succeeding. The fusion 
of this metal has been also accomplised by Messrs Allen 
and Aikep of London. They succeeded by applying 
a strong heat to the combination of the oxide of tungsten 
and ammonia ||, 

Properties. Tungsten, called by some of the German che- 

mists scheeliumy is of a greyish- white colom* * * § , or rather 
like that of steel, and has a good deal of brilliancy. 

2. It is one of the hardest of the metals j for Vau- 
queliii and Hecht could scarcely make any impression 
upon it with a lile. It seems also to be brittle. Its spe- 
cific gravity, according to the D ’Elhuyarts^ is 17*6 ; 
according to Allen and Aiken, 17*33 It is there- 
fore the heaviest of the metals after gold and platl» 
num. 


* Mem. Th&ulousey ii. 141. This memoir has been translatc'l into 
English. 

-{■ Jernr. de Min. No. xix. 3 . 

i Trnnsl. of ihe Chem. Nomenclature, 

§ Ohier't}. on the B^ossils of Cornivally p. 77- 
11 Aiken’s J)kimary of CLcmistry^ ii. 445® 


^ Ibloh 
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'2. It requires for fusion a temperature at least equal 
to 170^ Wedgewood. It seems to have the property of 
crystallizing on cooling, like all the other metals; for 
the imperfect button procured by Vauquelin and HvOht 
contained a great number of small crystals. 

3. It is not attracted by the magnet. 

II. When heated in an open vessel, it gradually ab- 
sorbs oxygen, and is converted into an oxide. Tung- 
sten seems capable of (combining with two dllFerent pro- 
portions of oxygen, and of fo-rming two didPcrent oxides ; 
the blue and the yellow, 

1. The protoxide, or blue oxide, may be obtained 
by heating the yellow oxide for some hoars in a cover- 
ed crucible. 

It is formed when a muriate of tin is poured into 
a solution of molybdate. 

2. The peroxide or yellow oxide, known also by the 
name of tungstic acidly may be obtained by boiling 
three parts of muriatic acid on one part of wmlfram. 
The acid is to be decanted olF in about half an hour, 
and allowed to settle. A yellow powder gradually pre- 
cipitates. This powder is to be dissolved in ammonia^ 
the solution is to be evaporated to dryness, and the dry 
mass kept for some time in a red heat. It is then yeL 
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* 'Thc tungstic add of Schcele is different from this oxide. It is a 
white powder of an acid taste, and soluble in water. The D*HIhuyarts 
liave d:moii;itrated that it is a triple salt; compo-^ed of theydlo# oxide 
of tungsten, potash, and the acid employed to decompose the mineral 
from which it is obtained. 
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Book i. low oxide in a state of purity This oxide lias n© 
taste. It is insoluble in water, but remains long sus- 
pended in that liquid, forming a kind of yellow milk, 
which has no action on vegetable colours. When heat- 
ed ill a platinum spoon it becomes green ; but before 
the blow-pipe on charcoal it acquires a black colour. 
It is composed of SO parts of tungsten and 20 of oxygen. 
Its specific gravity is 6* 12. 

tlnionwith sulphuret of tungsten is of a bluish black 

colour, hard, and capable of crystallizing. 

2. Phosphorus is capable of combining with tung- 
sten f. But none of the properties of the phospliuret 
have been ascertained. 

IV. The simple incombustibles do not seem capable of 
uniting with tungsten. 

jUloyfji V. The Eihu jarts alone attempted to combine tung- 

sten with other metals. They mixed 100 grains of the 
metals to be alloyed with 50 grains of the yellow oxide 
of tungsten and a quantity of charcoal, and heated the 
mixture in a crucible. The result of their experiments 
is as follows : 


A more economical process for procuring t his oxide has been pro- 
posed by Bucholz. His formula is as follows ; Mix one p:irt of wolfnmi 
ill fine powder with two parts of sukarion,:ie of potaih ; keep the mix- 
ture melted in a crucible for an hour, stirring it occasionally. Then poiir it 
into an iron cone. Before the mass be quite cold, reduce it to powder, 
and boil water on' it repeatedly till the liquid comes oiT tasteless. Mix 
all the watery solutions together, and pour muriatic acid into them as long 
as any^recipitate appears. Wash the precipitate ; dissolve it in boiling 
carbonate of potash, precipitate again by muriatic acid, wash the precipi- 
tate, and dry it upon filtering paper. It is "pure peroxide of tungsten. 
See Jotsr. de Chim. hi. 220. 

' j Pelletier, Ann. de CUm, xili, 137. 
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' 1. With gold it did not melt completely. The but- 
ton weighed 139 grains. By cupellation with lead the ' 
gold was redaced to its original purity. With platinum 
it refused likewise to melt. The mass obtained weigh- 
ed 140 grains. 

2. With silver it formed a button of a whitish-brown 
colour, something spongy, which with a few strokes 
of a hammer extended itself easily, but on continuing 
them it split in pieces. This button weighed 142 
grains. 

3. With copper it gave a button of a copperish redp 
w^hich approached to a dark brown, was spongy, and 
.pretty ductile, and weiglied 133 grains. 

4. With crude or cast iron, of a white quality, it gave 
a perfect button, the fracture of which was compact', 
and of a whitish brown coIolI!: : it was hard, harsh, and 
weighed 137 grains. 

5. With lead it formed a button of a dull dark browm, 
with very little lustre, spongy, very ductile, and split- 
ting into leaves when hamnaered 5 it weighed 127 
trains. 

6. The button formed with tin was of a lighter brown 
than the last, very spongy, somewhat ductile, and w^eigli- 
ed 138 grains. 

7. That with antimony was of a dark brown colour, 
shining, something spongy, harsh, and broke in pieces 
easily : it weighed IDS grains. 

6. That of bismuth presented a fracture, which, wlieii 
seen in one light, was of a dark brown colour, with the 
lustre of a metal, and in another appeared like enrtli, 
without any lustre ; but in both cases one could distin- 
guish an infinity of little holes over the wdinle mass. 
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Book This button was pretty hard, harsh, and weighed ^5^ 

Division I." . ’ 

grams. 

9, With manganese it gave a button of a dark bluish- 
brown colour and earthy aspect j and on examining th^ 
internal part of it with a lens, it resembled impure dross 
pf iron : it weighed lOT grains 


f phemical ^naly^is of Wolfram, translated by Cullen, p. 59* 
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o 

All of the metals belonging to the preceding class, i£ 
we except cobalt and manganese, are so difficult of fusion, 
that it has been impossible to procure them in large 
masses, but merelj in the state of agglutinated grains. 
The remaining metals are still more refractory, so much 
so indeed, that they are still unknown in the metallic 
state 5 their oxides only, and the compounds which they 
form with other bodies, having been examined. Per- 
haps titanium may be an exception ; but as the reduc- 
tion of this substance to the metallic state is still some- 
what doubtful, it was thought better to arrange it a- 
:^ong the refractory metals. 
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SECT^ XXVL 

OF TITANIUM. 

Kistoiy, J, Jjg- |;]^e x-^alley of Menachan, in Cornwall, there is 
found a black sand, bearing a strong resemblance to gun- 
powder. It was examined in 17S1 bj Mr Gregor, 
who found it composed almost entirely of iron and the 
oxide of a new to which he gave the name of 

7 nena£hme^ . He attempted in vain to reduce this oxide 
to the metallic state; but his experiments were suffi- 
cient to demonstrate the metallic nature of the sub- 
stance, and to show that it contained a metal till then 
absolutely unknown. This curious and ingenious ana- 
lysis seems to have excited but little attention, since no- 
body thought of repeating it, or of verifying the conclu- 
sions of Mr Gregor. 

But in 1795 Klaproth published the analysis of a 
brownish red mineral, known to mineralogists by the 
name of red shorL He found it entirely composed of 
the oxide of a peculiar metal, to which he gave the 
name of titanhmi f . He failed indeed in his attempts 
to reduce this oxide ; but his experiments left no doubt 
of its metallic nature. On examining in 3 797 the black 
mineral analysed by Mr Gregor, he found it a compound 
of the oxides of iron and titanium f. Consequently 
. the analysts of Mr Gregor was accurate, and his 


Jour, de Phys. XXXlX. 7S. and 1 5 2. 

•t Ibid. 11. 2Z6. 


f Beitrage, b 235 . 



TITANIUM. 


37 § 


ehiiie is the same with titanium, of ivhicli he was tin- ^ Chap, m 
doubtedly the original discoverer. The term titaniimi 
has been preferred by chemists, on account of the great 
celebrity and authority of the illustrious philosopher 
who imposed ft, Klaproth’s experiments were repeat- 
ed, confirmed, and extended by Vauquelin and Hecht 
in 1796 , who succeeded in reducing a very minute por- 
tion of the oxide of titanium to the metallic state 
They were repeated also and confirmed by Lo^vitz of 
Petersburgh in 179S f. By these philosophers, and by 
Lampadius, the following properties of titanium have 
been ascertained. 

I. Lampadius is said to have reduced it by exposing 
the oxide with charcoal to a violent heat. Its colour is 
that of cbpper, but deeper. It has considerable Jiistre. 

It is brittle, but in thin plates has considerable elasti- 
city. It is highly infusible J. 

II. When exposed to the air, it tarnishes, and iseasi- Oxides, 
ly oxidized by hear, assuming a blue colour. It deto- 
nates when thrown into red hot nitre §. 

It seems capable of forming three different oxides ; 
namely, the blue or pzirple, the I'cd, and the white* 

1. The protoxide, wrdch is of a blue or purple colour. Protoxide, 
is formed when titanium is exposed hot to the open 

air, evidently in consequence of the absorption of oxy- 
gen. 

2. The deutoxide or red oxide is found native. It Deutoxide 
is often crystallized in four- sided prisms ; its specific 
gravity is about 4*2 ; and it is hard enough to scratch 

ij'lass. When heated it becomes brown, and when ur- 


Jour, (h Min. No. xv. ic. 
j. Nidiohon’s Jour. vi. 62, 


•}• CrelPs Annals, 1 799, h 183, 
§ Lampadhis, ibid.. 
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Division L 1 , /Y' - 

When heated sufficienily along with charcoal, it is re^ 
duced to the metallic state. 

Peroxide. 3^ Xhe peroxide or white oxide may be obtained by 
fusing the red oxide in a crucible with four times its 
weight of potash, and dissolving the whole in water. 
A white j)owder soon precipitates, which is the white 
oxide of titanium, Vauquelin and Hecht.have shown 
that it is composed of 89 parts of red oxide and 11 parts 
of oxygen, 

tJmon with HI. 1 , Titanium does not seem to be capable of com* 

^ billing with sulphur 

Phosphuret. 2 . Phosphuret of titanium has been formed by Mr 
Chenevix by the following process. He put a mixture 
of charcoal, phosphate of titanium (phosphoric acid 
combined with oxide of titanium), and a little borax, 
into a double crucible, well luted, and exposed it to the 
heat of a forge. A gentle heat was first applied, which 
was gradually raised for three quarters of an hour, and 
maintained for half an hour as high as possible. The 
phosphuret of titanium was found in the crucible in the 
form of a metallic button. It is of a pale white colour, 
brittle, and granular 5 and dees not melt before the 
blow- pipe +. 

[ 075 .. IV. Vauquelin and Hecht attempted to combine it 

with silver, copper, lead, and arsenic, but without sucr 
cess. But they combined it with iron, and formed an 
alloy of a grey colour, interspersed with yellow colour- 
ed brilliant particles. This alloy they were not able 
to fuse. 


f Gregor. 


f Nicbplsoii’s Jot/r. V, P3.1. 



COLUMBXUMo 


381 


Cliap, W. 

:=T= * 

SECT. XXVIL 

O F C 0 L U M E I t; M. 

the 3 ^ear 1802, while Mr Hatchett was engaged History, 
in arranging some minerals in the British Museum, a 
dark- coloured substance attracted his attention, 

on account of some resemblance which it bore to chro-* 

7nate of iron* The specimen was small. It was descri- 
bed in Sir Hans Sloane’s catalogue as A very heavy 
black stone with golden streaks and it appears that it 
was sent along with various specimens of iron ores to 
Sir Hans Sloane by Mr Winthrop of Massachusets. Its 
colour was a dark brown grey , its longitudinal frac- 
ture imperfectly lamellated, and its cross fracture show- 
ed a fine grain. Its lustre was glassy, and in some parts 
slightly metallic. It was moderately hard, but very- 
brittle. By trituration it yielded a powder of a dark 
chocolate brown, not attracted by the magnet. Its spe- 
cific gravity, at the temperature of 05°, was 5*918. 

^ By an ingenious analysis of this mineral, Mr Hat- 
chett ascertained that it was composed of one part of 
oxide of iron, and rather more than three parts of a 
■white coloured substance which possessed the proper- 
ties of an acid, and exhibited undoubted proofs of being 
composed of oxygen united to a metallic basis. The 
properties of this metallic acid will be described here- 
after. 

Mr Hatchett demonstrated, that it differs from all the 
metallic acids hitherto examined; of course its metallic 
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Biiosphuret. 


basis imist be also peculiar, and required a distinct name,* 
Accordingij he gave it the name of columhiiwi. 

Various attempts were made to reduce this acid la 
tlie iiietaiiic state, but none of them succeeded com- 
pletely. A portion of it was put into a crucible lined 
witli charcoal, and exposed to a violent heat in a small 
wind furnace for about an hour and a half. The oxide 
was found in a puiveruleat state, and had assumed a 
black, colour. 

Mr Hatchett ascertained, that, lik|inost of the other 
metals, it is capable of combining with different doses 
of oxygen, distinguished from each other by their dif- 
ferent colours and different actions upon the acids. 

Though strongly heated with sulphur, it showed na 
disposition to combine with the substance, or to form 
a sulpburet. 

In order to form a phosphuret some phosphoric acid 
was poured upon a portion of the white oxide ; and be- 
ing evaporated to dryness, the whole was put into a cru- 
cible lined with charcoal. It was then exposed for half 
an hour to the heat of a forge. The inclosed matter 
was spongy, and of a dark brown : it in some measure 
resembled phosphuret of titanium 

Ekeberg lias announced his opinion, that this metal 
is the same with tungsten, but he has not communicated 
the experimcnls upon which this opinion is founded f. 
The ore of columbium was reported some years ago to 
have been discovered in Switzerland, but we do not 
know how far that report was correct. 


FhtU Trans, i2o2. f Gehlcn’s Joia\ v. 34 ^, 
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SECT. XXVIII. 

OF CERIUM. 

Jk the year 1750 there was discovered, in the copper Historj, 
mine of Bastiias at Ridderhytta, in Wesimannland in 
Sweden, a mineral which, from its great weight, was 
for some time confounded with tungsten. This mine- 
ral is opaque, of a flesh colour, with various shades o£ 
intensity, and very rarely yellow. Its streak is greyish 
white, and when pounded it becomes reddish grey- It 
is compact, with a fine splintery fracture, and fragments 
of no determinate form ; moderately hard ; its specific 
gravity, according to Cronstedt, 4* 988 according to 
Klaproth 4*600 f, according to Messrs Hisinger and 
Berzelius, from 4*489 to 4*619 J. This mineral was 
first examined by M, D’EIhuyar : the result of whose 
analysis published by Bergman in 1784 It as- 
certained that the mineral in question contained no 
tungsten. 

No farther attention was paid to this mineral till Kla- 
proth published an analysis of it in 1804, under the 
name of Ochroits |j, and announced that it contained a 
7ienD earthy to which he gave the name of ochj'oita. He 
sent a specimen of this product to Vauquelin, who 
made a few experiments on it, but hesitated whether to 


GeWen’s .hni\ ij. 305. f Ibid. t Ibid. ii. 5^8. 

§ vi. 20^. {' Gchicn’.s ii. 303. 
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consider ochrolta as an earth or a rnetallic 
Meanwhile the mineral had undergone a still more com- 
plete examination in Sweden by Hisinger and Berze- 
lius, who gave it the name of cerit; detected in it a pe- 
culiar substance, which they considered as a metallic 
oxide, and to which they gave the name of cerimUy from 
the planet Ceres^ lately discovered by Piazzi f . But 
the attempts of these chemists to reduce the supposed 
oxide to the metallic state were unsuccessful. Nor 
were the subsequent trials of Galin, to reduce it by vio- 
lent heat along with charcoal, or to alloy it with other 
metals, attended with greater success V auquelin has 

re-examined it lately ; but his attempts have been only 
partially successful They demonstrate, however, 
that the substance in question is a metal ; though from 
its refractory nature, and its volatility, only minute glo- 
bules of it were obtained. 

I. To obtain the metal, the combination of oxide 
of cerium with tartaric acid was mixed with some 
lamp-black and oil, and exposed to the violent heat 
of a forge in a crucible lined with charcoal, and in- 
closed in another filled with sand. Only a small me- 
tallic button was obtained, not exceeding the 50th part 
of the oxide of cerium exposed to heat. It was white, 
brittle, dissolved with great difficulty in nitro-muriatic 
acid, and proved a mixture of iron and cerium. An- 
other attempt to obtain the metal by heating its tanrate 
in a porcelain retort was not more successful* Most 


^ Ann, de Chim. 1. 1 40. f Gchkn’s 7our. u. ^ 97 . t lb’-' iis. 
^ Afin. de Chim. liy. %%- 
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it was dissipated, small globules only remaining^ 
which proved as before a mixture of cerium and iron 

1- To procure oxide of cerium in a state of purity^ 
the Swedish chemists employed the following method : 
The mineral was reduced to a fine powder, and digested 
in nitric acid till every thing soluble was taken up,i 
The solution being decanted off is evaporated to dry- 
ness, and the residue dissolved in water. Into this so- 
lution ammonia is poured, till every thing precipitable 
by means of it is thrown down. This precipitate be- 
ing well washed is redissolved in nitric acid ; the acid 
is neutralized ; and then tartrate of potash f is added to 
the solution. The precipitate which is separated being 
heated to redness, and well washed with vinegar, and 
dried, is pure oxide of cerium 

1. When first procured it lias a white colour, but 
when heated to redness it becomes reddish brown. 

2- When made into a paste with oil, and heated in a 
charcoal crucible, it loses weight. When urged by a 
strong fire on charcoal, it does not melt, but continues 
in potvder. It exhibited, however, brilliant particles, 
and dissolved in muriatic acid, disengaging at first sul- 
phureted hydrogen, and afterwards pure hydrogen gas§. 

3. According to the Swedish chemists, it is suscepti- 
ble of various degrees of oxidizement. This they con- 
clude from the various colours which it assumes in dif- 
ferent 'ircumstances ; namely, white, yellow, red, and 
dark brown. That it contains oxygen they have ren- 
dered manifest ; by digesting muriatic acid upon it, a 


Chap. IV. 

I ^ 

How pro^ 
cured, 


Reductio?!t 


Oxide?, 


Anti, de Chtm, 11 v. 59. 
+ Gehkn’s Jqut, ii. 401. 

VoL A 


f A salt to be described hereafter. 
§ Hisinger and Berzelius, Ibid. 
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Vauqiielin considers it as capable of two states of 
o:^!dizement ; the protoxide of a white colour^ and the 
peroxide reddish brown 

4. The oxide of cerium does not melt by itself; but 
when treated wdth borax before the blow-pipe, it melts 
readily, and swells. The globule heated by the outer- 
most flame assumes the colour of blood, w^hich, by cool- 
ing, passes into yellowish green, and at length becomes 
colourless, and perfectly transparent. Melted by the 
blue flame, these changes do not take place ; the glo- 
bule at once assuming the state of colourless glass 
These phenomena serve to distinguish it from every 
other metallic substance. 

Action nf H. Few experiments have been made on the combi- 
nations of cerium with the simple combustibles. , 

1. When a stick of phosphorus was put into a solu- 
tion of cerium in muriatic acid, and kept for some days 
on a stove, the bottom and sides of the vessel were co- 
vered with a white precipitate, and the phosphorus was 
covered with a hard brown crust, which was tenacious, 
and shone in the dark. When heated it took fire, and 
left a small quantity of oxide of cerium. But this ex- 
periment did not succeed when repeated J. 

2 . Hydro-sulpliuret of ammonia throws dowm cerium 


^ Am. de Chim. IJv. 46. 

f Hisinger and Berzelius, ibid. The phenomena described by Kla- 
proth are dllFerent. According to him, borax does not dissolve the ox- 
ide. but acquires from it a brown yellow colf)iir. Vauquelin says mere- 
ly, that it tin";es borax yellow, and that the globule bccomes*opaqoe 
when saturated with the o: ide. 

Kisinger and Berzelius, ibid. 
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at first of a brown colour, but it becomes deep green as 
we continue to add the reagent- The precipitate when 
dried becomes bright green. When heated it burns, 
and leaves the yellow oxide of cerium ; but the colour 
of the precipitate varies according to the state of the 
cerium held in solution 

III. The attempt made by Gahn to unite cerium with 
lead did not succeed, and hitherto no other combination 
of it with metals has been tried, if we except the alloy 
of cerium and iron obtained by Vauqueiin. 


SECT. XXX. 

GENERAL REMARKS. 

We have omitted, in the preceding sections, the 
metallic substance discovered by Ekeberg, and announ- 
ced by him as a peculiar metal under the name of Tan- 
talum ; because this chemist has lately published an 
acknowledgement that the supposed -peculiar oxide was 
in reality an oxide of tin. As the result of his experi- 
ments has not hitherto been published, we do not know 
the real constituents of the minerals to which he gave 
the names of tantalite 2Xidi yttrotantalite. 

The object of the preceding Sections has been to 
describe the properties of the metals, and to examine 
the compounds which they form with oxygen, with 
simple combustibles, and with each other. It will be 


^ Hisingcr and Berzelius, Ibid. With Vauq^uelin the result was 
different The precipitate which he obtained was white, and contained no 
■sulphureted hydrogcno 
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attended with considerable advantage to exhibit a 
noptical view of the most remarkable of these proper- 
ties and combinations. This will be the business of the 


present Section. 

^Thc nif principle properties of the metals, as far as 

tals. they have been ascertained, will be found in the follow- 


ing Table: 


Metals. 


Hard- 

1 Sp.Gra-|l Point- |L 


nes 

1 ■ \\ Fahren. 

f W’-cdge.ll 

Gold 

Yellow 

6-5 

1 19-36l|| — 

1 32 11150-07 

Plat. 

White 

|8 

1 23-000 11 — 

1 n0+ii2'34-31 

Silver 

White 


1 10-510 11 ■— 

1 22 II 187-13 

Mer. 

White 

0 

1 13-568 11 — 39 

1 - 11 

Pailad. 

White 

l9+ 

1 11-871 II — 

1 160+11 

Rhod. 

White 


1 II — 

1 160+11 

Irid. 

Wlute 


1 II - 

i 160+11 

Osm. 

Blue 


! 11 - 

1 160+11 

Copper 1 Red 

rs 

1 S-S95II — 

i 27 j|302-2G 

Iron 

1 Grey 


1 7-8 II — 

1 158 11549-25 

Nickel 

Wiiite 

S-.'i 

1 8-6(56 II — 

1 11 

Nice!. 

Grey 


1 8-6 11 

1 II 

'I'm 

White 1 

(> 

1 7- 299 11442 

1 — II 31-0 

Lead 1 

Blue 1 

5*5 

1 n-352||612 

1 — II 18-4 

Z.rc 1 

White 


! 6-S()!||680 

1 — II 18-2 


Red wlnte 

1 T 

j 9-8-22||476 

1 - II 20-1 

An‘iivi. 

Gr. Vv^hite 

! «.5 

1 6-712||S10 

1 - II 7 

Tellur. 

Bl. white 

1 

j 6-11511612+ 

1 - II 

.. 

Bl. white 

1 5 

1 8*3.1 ||4()0~f- 

i - 11 

Cob'iir 

Grey 

! « 


1 liiO II 

Mui-. 

1 Grey 

r--.- 

j 6-S501I — 

1 160 II 

Cliro. 

1 Wliite 

! 

1 5-90 11 — 

! 1^0+11 

Uvan. 

I: '.ii-grey 

1 

1 9-000 11 — 

! no+ll 

b. 

1 Y. wlnte 

1 

j 8-61l|| — 

1170+11 j 


1 Cyt. white 

1 ^^4” 

1 ITS. il — 

1 no+ll 

Titai-. 

t Red. 

1 

1 ' II - 

1 110+11 1 
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II. AU the metals dre capable of combining with 
oxygen ; and this property constitutes one of their most 
striking characters. This combination takes place in a 
variety of circumstances. 

1. Some metals absorb it from the atmosphere, and 
gradually crumble into a powder when left exposed to 
the open air. Ar-senic^ manganese, and iron, are the 
only metals known at present to possess that property. 
The effect is not proportional to the affinity of the me- 
tals for oxygen, but is owing to the combined action 
©f a variety of agents. The air, water, and carbonic 
acid, are the most conspicuous of these. Most metals, 
when they are left exposed to the air, lose their bril- 
liancy, which can only be preserved by frequent clean- 
ing. They are then said to be tariilshed. This tar- 
nish is supposed at present to be a commencement of 
oxidizement 5 and the tenacity of the metal is consider- 
ed as the reason why it proceeds no farther than the 
surface. Gold and platinum are not liable to tarnish ; 
neither is mercury in a perceptible degree. Silver tar- 
nishes not from oxidizement, but from the action of 
sulphur. 

2. When the metals are heated, their combination 
with oxygen is much facilitated. This is ascribed at 
present to the effect of heat in diminishing the cohe- 
sion of the metallic particles. If the heat be sufficiently 
high, it appears that all metals are oxidized more or 
less. The metals when sufficiently heated take fire, and 
burn with more or less brilliancy. Arsenic is the most 
combustible of the metals ; then comes zinc. Anti- 
mony and bismuth likewise burn at a red heat, but 
with little brilliancy. Tin has a more brilliant com- 
bustion. Iron requires a white heat, but it burns with 
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great splendour. The combustibility of the remaining 
naetals is much inferior to these. When metals burn^ 
they always combine with a determinate quantity of 
oxygen. Some metals, as iron and arsenic, are capa- 
ble, after combustion, of uniting with more oxygen ; 
while others, as zinc, antimony, and bismuth, combine 
during combustion with a maximum of oxygen. 

3. Some metals have the property of taking oxygen 
from water when the action is assisted by heat. Zinc, 
iron, tin, and antimony, are the only metals hitherto ex- 
amined which have that property. When they are 
heated to redness, and steam passed over them, they 
are oxidized, while hydrogen gas is evolved. 

4. Metals vary exceedingly from each other in the 
proportion of oxygen with which they are capable of 
combining ; but in every particular metal the dose 
seems determinate. Most metals have likewise a mi- 
nimum ot oxygen with which they unite, and in several 
there are one or more states of oxidizement equally 
well determined between the protoxide and peroxide ^ 
Tvhile in others no such determinate intermediate states 
can be discovered. 

The following Table exhibits a view of the number 
of oxides known to be formed by each metal, of the 
colour of each when known, and of the proportion of 
oxygen united to 100 of metal by weight, which consti- 
tutes each particular oxide* 
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Book t 5. From this Table, it appears that the metals, with 

'/ respect to the quantity of oxygen which they are capa«? 

of oxygen” coiidensing, observe the following orde?r ; 

^ibsorbedby Chromium .200 

'«3aetals. ^ 

Iron g2'3 


Manganese 66 

Arsenic 53 

Tin 38*8 

Antimony ...... 30 

Zinc 25 

Copper 25 

Lead..... 25 

Tungsten 25 

Mercury ......... 17*6 

Platinum.... 15 

Silver ............ 12’8 

Bismuth 12 


Were we to suppose with Berthollet, that the affinity of 
these bodies for oxygen is proportional to the quantity 
of that principle which they are capable of condensing, 
without acquiring acid properties, in that case the pre- 
ceding Table, omitting chromium, arsenic, and tung- 
sten, would indicate the order of the affinities. But 
there are many circumstances which militate against 
this supposition. Probably, indeed, the comparison is 
iiot fair, unless the metals compared are oxidized in the 
same circumstances, and by the same agents. For ex« 
ring com- ample, when the seven most combustible metals are ex- 
Kbtion. posed to a strong heat, they take fire, and unite with 
oxygen in the following proportions ; 

Iron 37 

A.r seme. 33 
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Antimony. .30 Chap. IV. 

Tin 25 ? 

Zinc 25 

Bismuth 12 

Lead 8 


Here the circumstances being the same, it is more pro- 
bable that the dose bears some relation to the affinity 
for oxygen. When the same metals are exposed to the ®y 
action 01 nitric acid, they combine with difterent doses tricacM» 
of oxygen, but follow notwithstanding nearly the same 
order, as is obvious from the following Table : 


Iron 92 

Arsenic 53 

Antimony. 30 

Tin 3S'8 

Zinc 25 

Bismuth ...... 12 

Lead. 8 


5. The metallic oxides differ very considerably from 
each other. The greater number of them are tasteless 
powders ; but some of them are acrid, and others have 
even the properties of acids. The peroxides of mercu- 
ry and osmium, and the protoxide of arsenic, are solu-. 
ble in water. The peroxides of arsenic, chromium, 
molybdenum, tungsten, and columbium, belong to 
the class of acids. It was formerly the opinion of 
chemists, that all metals are susceptible of acidification 
by combining them with a sufficient quantity of oxy- 
gen ; but subsequent experience has not confirmed this 
opinion. 

6. When heat is applied to the peroxides, they give 
out a portion, or the whole, of their oxygen : but in this 
respect they differ exceedingly from each other. A mo- 


Propertia*. 
of oxides. 
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Book 1 . derate heat reduces the oxides of gold, platinum, silver, 
division L nickel, to the metallic state; and ‘the same 

thing- would happen also to the oxide of lead, were it 
not so susceptible of melting into a glass. The other 
metals require a violent heat, and are but imperfectly 
reduced. Were we to arrange them according to the 
clifliculty of separating their oxygen by heat, the metals 
would assume an order not very dilFerent from the fol- 
lowing ^ : 


1. Refractory metals 

12, Chromium 

2, Manganese 

13. Bismuth 

3. Zinc 

14. Lead 

4 . Iron 

15. Copper 

5 . Tin 

16. Tellurium 

6- Uranium 

17. Nickel 

7. Molybdenum 

18. Platinum 

S. Tungsten 

19. Palladium 

9. Cobalt 

20. Mercury 

10. Antimony 

21. Silver 

11. Arsenic 

22. Gold 


Union wkli 
combusti- 
bles. 


Pliospbu- 

yct6. 


III. Of the four simple combustibles, there is one, 
namely ccn^lon^ which has been hitherto combined only 
with one of the metals, iron. 

1, Hydrogen gas dissolves arsenic, zinc, and iron, and 
holds them suspended seemingly in the metallic state. 

2. Phosphorus combines with most of the metals hi- 
therto tried. The metallic phospluirets have been ap- 
plied to no use. Most of them have the metallic lus- 
tre, and all of them are brittle, except those of tin, lead, 


^ Tau<2ueim, Patrin’s Mineralogy 189. 
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and zinc. The phosphorus may be expelled by heat Chap IV. 
The following Table exhibits a view of the proportion 
of phosphorus unlled to 100 parts of the metals in the 
phosphurets hitherto examined. 


Silver ..*..25 

Copper...,. 25 

Iron ...25 

Tin...,.....,,.......,. 25 

Nickel, ......20 

Lead 15 

Cobalt 7 

Oold. 4*3 
Bismuth 4 


3. More attention has been paid to the metallic sul- Sulphurcts. 
phiirets, because they occur often native^ and have been 
applied to a variety of useful purposes. Sulphur unites 
in different proportions with some of the metals. The 
following table exhibits a view of the colour and speci- 
fic gravity of the sulplmiets, and of the proportion of 
sulphur coiTibjned in each with 100 of themeta)^ as far 
as the point has been ascertained. 
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of 

Colour. 

3pecitic 

gravity. 

1 yul- ' 
phur. 


aphnrets 

o? 

Gold 

Pi -.'dn. 

Un- 

known 




Bismuth 



1 'idfuTD Un- 
OsiaiiuiTi known 



r 1. Yell. 

Iron „ 

2. Yell. 


^-el Yellow 



Leaden 

g.ey 


Leaden 

grey 


Leaden 

grey 


4-368 33-3 



Cobalt 

Ytdlow 

Mangat} 

Chrom. 

Un- 
known " 

Uran. , 

Brown 

Molyb. 

Leaden 

grey 

Tungst. 

Bluish 

black 

Titan. 

Colum, 

Un- 

known 

Cerium 



3-225 

5'315 

25 

43 


39-8 



4-'73 66 


Becomposi- 
ti<in of sul- 
phurets. 


The metals are capable of taking sulphur from each 
other when assisted by heat. They all follow, in this 
respect, a determinate order. Thus iron is capable of 
depriving lead, antimony, silver, and mercury, of sul- 
phur ; but neither lead nor any of the other metals can 
decompose the sulpfiuir.t of iron. The following, ac- 
cording to Bergman^is the order that the metals follow 
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in depriving each other of sulphur ; every metal being Chap, 
understood to be capable of decomposing the sulphurets 
of ail the metals that follow it in the column® 


1. Iron 

2. Copper 

3. Tin 

4. Lead 

5. Silver 


6. Bismuth 

7. Antimony 

8. Mercury 

9. Arsenic 

10, Molybdenum 


IV. Almost all the metals are capable of combining Alloys* 
with each other, and of forming alloys; many of which 
are of the greatest utility in the arts. This property 
was long reckoned peculiar to metals, and is at present 
one of the best crirerions for determining the metallic 
nature of anj^ substance. Much is wanting to render 
the chemistry of alloys complete. Many of them have 
never been examined ; and the proportions of almost 
all of them are unknown. Neither has any accurate 
method been yet discovered of determining the affinities 
of metals for each other. These alloys are much bet- 
ter known to artists and manufacturers than to chemists: 

But an examination of them, guided by the lights which 
chemistry is now able to furnish, would undoubtedly 
contribute essentially to the improvement of some of 
the most important branches of human industry. 

Their most iiiteresting qualities, in an economical point 
of view% are their brittleness or malleability ; while 
the change of bulk wdiich they undergo during their 
combination is of considerable importance to the che- 
mist. The three following tables exhibit a view of Xableof 
these properties, as far as ascertained in ail the metallic alloys, 
alloys. The first comprehends the alloys of the mal- 
leable metals with each other ; the second, the alloys 
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Bock L of the brittle metals ; and the third, the alloys of the 
"piviston T. jjjalleable with the brittle metals 


« In these tables, the letter M signifies nuilleable; brittle; S, submal- 
leable, used when the alloy is malleable in certain prop<'rtions, hut brit- 
tle in others. 0 is UsSed when the Uictais do not unite. The s;ga 4“ 
is used when the alloy occupies a greater bulk than the' sej.farate me- 
tals; the sign — , wdien the .liloy n cuplcs a smaller bulko. The first 
indicates an expansion, the second a condensation. 
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Chap. T. 


The substances described in the preceding Chapters 
are of such a nature that they can be collected together 
in quantities, and retained and confined in proper ves- 
sels, in order to be subjected to the test of experiment, 
•and examined with accuracy. But the substances which 
are now to occupy our attention are very different. 
We have no method of collecting and retaining them 
till we submit them to our examination. They are of 
too subtile a nature to be confined in our vessels, and 
have too strong an affinity for other bodies to remain 
a moment in a separate state. These peculiarities 
have rendered the investigation of them particularly 
intricate, and have given birth to a great many theories 
and hypotheses concerning them, which have been sup- 
ported with much ingenuity and address by several dis- 
tinguished philosophers. The number of them which 
ate at present known, or supposed to exist, amounts to 
four ; namely, Light, Heat, Electricity, and Magne- 
tism : But the last of these is scarcely at present con- 
sidered as belonging to chemistry ; and the third I pro- 
Fo/. F C c 
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pose to consider in a separate work. I shall therefore 
confine mjself to the first two bodies, which I shall 
consider in the following Chapters. Their intimate 
connection with comhustion^ the most important problem 
in chemistry, has procured them the highest attention, 
and rendered the investigation of their properties the 
most interesting part of chemistry. Let us begin with 
the consideration of lights because its nature has been 
more completely examined than that of heat, and its 
properties ascertained with greater precision. 



ti&Hi:.' 
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CHAP. L 
OF LIGHt. 


IIjvery person is acquainted with tbe light of the gunji 
the light of a candle, and other burning bodies ; and 
every one knows that it is by means of light that bodies 
are rendered visible. 

Concerning the nature of lights two different the- 
ories have been advanced by philosophers* Huygens 
ebnsidered it as a subtle fluid filling space, ‘ and render- 
ing bodies visible by the undulations into which it is 
thrown. According to his theory, w'hen the sun rises 
it agitates this fluid, the undulations gradually extend 
themselves, and at last, striking against our eve, we see 
the sun. This opinion of Huygens Was adopted also 
by Euler, who exhausted the whole of his consummate 
mathematical skill in its defence. 

^ The rest of philosophers, with Neivton at their head, 
consider light as a substance consisting of small parti- 
cles, constantly separating from Iiiminoiis bodies, mo- 
ving in straight lines, and rendering bodies luminous by 
passing from them and entering the eye. Newton- es- 
tablished this theory on the firmest basis of mathemati- 
cal demonstration ; by showing that all the phenomena 

light may be mathematically deducted from it4 Huy-* 
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gens and Euler, on the contrary, attempted to support 
their hypotheses, rather by starting objections to the 
theory of Newton, than by bringing forward direct 
proofs. Their objections, even if valid, instead of esta« 
blishing their own opinions^ would prove only that the 
phenomena of light are not completely understood 5 a 
truth which no man will refuse to acknowledge, what- 
ever side of the question he adopts. Newton and his 
disciples, on the contrary, have shown, that the known 
phenomena of light are incojisistent with the undula- 
tions of a fluid, and that on such a supposition there can 
be no such thing as darkness at all. They have also 
brought forward a great number of direct arguments;*, 
which it has been impossible to answer, in support of 
their theory.. The Newtonian theory therefore is much 
more probable than the other. Taking it for granted^ 
then, that light is constantly moving in straight lines 
from luminous bodies, let ns proceed to examine its 
properties.. 

1. It was first demonstrated by Roemer^, a Danish, 
philosopher, that light takes about eight minutes in 
moving across one half of the earth’s orbit ; consequent- 
ly it moves at the rate of nearly 200,000 miles in a 
second. The discovery of Roemer has been still far- 
ther confirmed and elucidated by Dr Bradley’s- very in- 
genious theory of the aberration of the light of the fix- 
ed stars f. 

2. From this astonishing velocity we are enabled to 
form some notion of the size of the particles of light. 
Mechannical philosophers have demonstrated, that the 


f Ibid. XXXV. 637 * and xlv. i-. 


^ l^biL Trans* xii. 83 * 


LIGHT. 


405 


force with which a body strikes another depends Hpon 
its size and the velocity with which it moves. A 24 
pound ball, if thrown from the hand, makes no impres- 
sion upon a common wall ; but when discharged from 
a cannon with the velocity of 1300 feet in a second, it 
will shatter the wall to pieces. The greater the velo- 
tity therefore with which a body moves, the greater 
the effect which it is capable fof producing. Conse- 
quently to produce any effect whatever by a body, how- 
ever small, we have only to increase its velocity suffix 
ciently ; and in order to prevent a body from producing 
a given effect, its quantity must be diminished in pro- 
portion as its velocity is increased. Now the velocity 
of light is so great, that if each of its particles weighed 
the 1000th part of a grain, its force would be greater 
than that of a bullet discharged from a musket. Were 
it even the millionth part of a grain in weight, it would 
destroy every thing against which it struck. If it even 
weighed the millionth part of that, it would still have a 
very sensible force. But how much less must be the 
weight of a particle of light, which makes no sensible 
impression upon so delicate an organ as the eye ? We 
are certain, then, that no particle of light weighs 
of a grain ; but were we even to 
suppose it of that size, the addition of 900 millions of 
particles to any body, or their abstraction, would make 
no difference of weight capable of being detected by the 
most sensible balance. Every attempt then to ascer- 
tain the accumulation of light in bodies by changes in 
their weight must be hopeless. 

3. While a ray of light is passing through the same 
medium, or when it passes perpendicularly from one" 
medium to another, it continues to move without chaiir 


Chap. L 


Refract!©!]. 



UNCOKFINABIyE BOBIE3, 


4QG 

Book L giiig its direction ; but ^vhen it passes obliquely frotH 
pi-c medium to another of a different density, it always 
bends a little from its old direction, and assumes a new 
one. It is then said to be rcfractciU When it passes 
into a denser medium, it is refracted towards the per- 
pendicular ; but when it passes into a rarer medium, it 
is refracted from the perpendicular, In general, the 
quantity of refraction is proportional to the density of 
the medium ; but if the rtiedium be combustible, tbe 
refraction is .greater than it would otherwise be In 
the same medium the sines of the angles of incidence 
and of refraction have always the same ratio to each 
other* 

|lefl'ictioii. 4. When a ray of light enters a transparent medium, 
as a plate of glass, with a certain obliquity, it continues 
to move on till it comes to the opposite surface of the 
glass j but then, instead of passing through the glass, 
it bends, and passes out again at the same surface c\i 
xvhich it entered ; just as a ball would do if made to 
strike obliquely against the floor. The ray is then said 
to be rcfcctcd. The angle of rell- ction is always equal 
to the angle of incidence. When the surface of a me- 
dium is polished, as glass or mirrors, oblique rays do 
not enter ihem at all, but; are refected wdien they ap- 
proach the surface of the body. All surfaces are capa- 
ble of reflecting a greater or smaller number of oblique 
rays. Rays are only reflected at surfaces. 

Mectlon. 5* When a ray of light passes witliin a certain dis- 
tance of a bo^y parallel to v/hich it is moying, it 


^ ft w^is the knowledge of this law that led Newton to suspect tho 
diamond to be combustibk*, and water to contain a combustible iugre- 
dii'nt. — 0j;4ks^ p. 7 a. , 
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l?ent inwards ft. Thus if a ray of light be let into a 
dark room through a small hole in the window shutter, 
and received upon paper, it will form a round luminous 
spot. If two pen knives, with their edges towards each 
other, be placed on opposite sides of the hole, and made 
to approach each other, the luminous spot will gradu- 
ally dilate itself on the side of the knives, indicating 
that those rays which pass nearest the knives have been 
drawn from their former direction towards the knives. 
This property of light is called inflevtion. 

6. The ray, when its distance from the body parallel 
to which it moves is somewhat greater, is bent frofn it. 
It is then said to be deflected^ 

Newton has demonstrated, that these phenomena are 
owing to the attraction between light and the medium 
through which it is moving, the medium towards which 
it is approaching, or the bodies in its neighbourhood. 

7. Some substances, as water, are transparent^ or al- 
low light to pass freely through them ; others, as iron, 
are opaque^ or allow no light to pass through them. 
Now, it can scarcely be doubted that the component 
particles of all bodies are far enough distant from each 
other to allow the free transmission of light ; conse- 
quently opacity and transparency must depend, not up- 
on the distance of the particles of bodies, but upon 
something else. Newton has shown, that transparency 
ean only be explained by supposing the particles of 
transparent bodies uniformly arranged and of equal 
density. When a ray of light enters such a body, be- 
ing attracted equally in every direction, it is in the same 
•state as if it were not attracted at all, and therefore pas- 
ses through the body without obstruction. In opaque 
bodies, on the contrary, the particles are either not uni- 
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formlj arranged, or they are of unequal density. Hence 
the ray is unequally attracted, obliged constantly to 
change its direction, and cannot therefore make its way 
through the body. 

8. When a ray of light is made to pass through a 
triangular prism, and received upon a sheet of white 
paper, the image, or spectrum as it is called, instead of 
being circular, is oblong, and terminated by semicircu- 
lar arches. In this case the refraction of light is in- 
creased considerably by the Bgnre of the prism. Con- 
sequently if light consists of a congeries of rays differ- 
ing in refrangibility, they will be separated from each 
other : the least refrangible occupying the luminous 
circle which the ray would have formed had it not been 
for the prismatic form of the glass; the others going to 
a greater or smaller distance from this circle, accord- 
ing to their refrangibility. The oblong figure of the 
spectrum is a proof that light consists of rays different- 
ly refrangible : and as the spectrum exhibits seven co- 
lours, these rays have been reduced under seven clas- 
ses. The colours are in the following order ; Red^ 
Orange, Yellow, Green, Blue, Indigo, Violet. 
The red is the least refrangible, the violet the most ; 
the others are refrangible in the order in which they 
have been named. Newton ascertained, by actual 
measurement, that if the whole of the spectrum be di« 
vided into 360 parts, then 

The red will occupy 45 of these parts 


orange 27 

yellow 48 

green • . .60 

blue 60 

indigo ♦ . 40 

violet 80 
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But they have been since obsefved to differ somewhat 
in their relative lengths in the spectrum, according to 
the refracting medium. , 

9. These coloured rays differ from each other in re- 
flexibility and inflexibility, precisely as they do in re- 
frangibility : the red rays being least reflexible and in- 
flexible, the violet most, and the rest according to their 
order in the prismatic spectrum. 

10. Every one of these coloured rays is permanent ; 
not being affected nor altered by any number of refrac- 
tions or reflections. 

The properties of light now enumerated constitute 
the object of the science called Optics. They prove, 
in the most decisive manner, that light is attracted by 
other bodies ; and not only attracted, but attracted un- 
equally. For combustible bodies, provided all other 
things be equal, refract light more powerfully than other 
bodies, and consequently attract light more powerfully. 
But it is variation, in point of strength, which consti- 
tutes the characteristic mark of chemical affinity. Hence 
it follows that the attraction which subsists between 
light and other bodies does not differ from chemical 
affinity. The importance of this remark will be seen 
hereafter. 

11. The rays of light differ in their power of illumi- 
nating objects : For if an equal portion of each of these 
rays, one after another, be made to illuminate a minute 
object, a printed page for instance, it will not be seen 
distinctly at the same distance when illuminated by 
each. We must stand nearest the object when it is il- 
luminated by the violet : we see distinctly at a some- 
what greater distance when the object is illuminated by 
the indigo ray; at a greater when by the blue; at a still 
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i‘ of all, when bj the lightest green or deepest yellow : 

we must stand nearer ^vhen the object is enlightened by 
the orange ray, and still nearer when by the red. Thus 
it appears that the rays towards the middle of the spec- 
trum possess the greatest illuminating power, and those 
at the extremity the least; and that the illuminating 
power of the rays gradually diminishes from the mid- 
dle of the spectrum towards its extremities. For these 
facts w’e are indebted to the experiments of Dr Her- 
schel 

cn- Light is capable of entering into bodies and re- 

fers bodies. maining in them, and of being afterwards extricated 
without any alteration. Father Beccaria, and several 

* other philosophers, have shown us, by their experiments, 
that there' are a great many substances which become 
luminous after being exposed to the light f. This pro- 
perty w^as discovered by carrying them instantly from 

, the light into a dark place, or by darkening the cham-? 
her in wliich they are exposed. Most of these substan- 
ces, indeed, lose their property in a very short time, but 
they recover it again on being exposed to the light ; and 
this may be repeated as often as we please. We are 
indebted to Mr Cantoii for some very interesting expe- 
liments on thisr subject, and for discovering a composi- 
tion which possesses this property in a remarkable de- 

* gree J. He calcined some common oyster shells in a 
good coal fire for half an hour, and then pounded and 
sifted the purest part of them. Three parts of this 


P/'jrV. Trans. i8co, p. 355, 
Ibid. IviiL 337. 


I Ibid. Ixl. 3i2» 
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j30wder were mixed with one part of the flowers of sul- 
phur, and rammed into a crucible 'which was kept red 
hot for an hour. The brightest parts of the mixture ’ 
were then scraped off, and kept for use in a drj phial 
well stopped^. When this composition is exposed for 
a few seconds to the light, it becomes sufficiently lumi- 
nous to enable a person to distinguish the hour on a 
watch by it. After some time it ceases to shine, but 
recovers this property ..on being again exposed to the 
light. Light then is not only acted upon by other bo- 
dies, but it is capable of uniting v/ith them, and after- 
wards leaving them without any change. 

It is well known that light is emitted during com- 
bustion ; and it has been objected to this conclusion, 
that these bodies are luminous only from a slow and 
imperceptible combustion. But surely combustion can- 
.not be suspected in many of Father Beccaria’s experi- 
ments, when we reflect that one of the bodies on which 
they were made was his own hand, and that many of 
the others were altogether incombustible ; and the phe- 
nomena observed by Mr Canton are also incompatible 
with the notion of combustion. . His pyrophorus shone 
only in consequence of being exposed to light, and lost 
that property by being kept in the dark. It is not ex- 
posure to light which causes substances capable of com- 
bustion at the temperature of the atmosphere to become 
luminous, but exposure to air. If the same tempera- 
ture continues, they do not cease to shine till they are 


* Dr Higgins has added considerable improvements to the method of 
preparing Canton’s pyrophorus. He stratifies the oyster shells and sul- 
phur in a crucible without pounding them ; and after exposing them to 
<hc proper heat, they arc put into phials i'uriiished with ground stoppers. 
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consumed ; and if thej cease, it is not the application 
of light, but of caloric, which renders them again lu- 
minous: but Canton’s iDyrophorus, on the contrary, 
when it had lost its property of shining, did not recover 
it by the application of heat, except it was accompa- 
nied by light. The only effect which heat had was to 
increase the separation of light from the pyrophorus, 
and of course to shorten the duration of its luminous- 
ness. Two glass globes hermetically sealed, containing 
each some of this pyrophorus, were exposed to the light 
and carried into a dark room. One of them, ofi being 
immersed in a basin of boiling water, became much 
brighter than the other, but in ten minutes it ceased to 
give out light : the other remained visible for more 
than two hours. After having been kept in the dark 
for two days, they were both plunged into a basin of 
hot water : the pyrophorus which had been in the wa- 
ter formerly did not shine, but the other became lumi- 
nous, and continued to gi-^e out light for a considerable 
time. Neither of them afterwards shone by the appli- 
cation of hot water 5 but when brought near to an iron 
heated so as scarcely to be visible in the dark, they sud- 
denly gave out their remaining light, and never shone 
more by the same treatment: but when exposed a se- 
cond time to the light, they exhibited over again pre- 
cisely the same phenomena ; even a lighted candle and 
electricity communicated some light to them. Surely 
these facts are altogether incompatible with combustion, 
and fully sufficient to convince us that light alone was 
the agent, and that it had actually entered into the lu- 
minous bodies. 

It has been questioned, indeed, whether the light 
emitted by pyrophori be the same with that to which 



LIGHT. 


413 


they are exposed. Mr Wilson has proved, that in many 
^ases at least it is different ; and in particular that on 
many pyrophori the blue rays have a greater effect 
than any other, and that they cause an extrication of red 
light. Mr de Grosser has shown the same thing with 
regard to the diamond, which is a natural pyropho- 
rus Still, however, it cannot be questioned that 
the laminousness of these bodies is owing'to exposure 
to light, and that the phenomenon is not connected with 
combustion. 

13 . But light does not only enter into bodies, it also 
combines with them, and constitutes one of their com- 
ponent parts. That this is the case, has been rendered 
very evident by a set of experiments made long ago 
by Mr Canton f, and lately repeated and carried a great 
deal farther by Dr liulme f . It has been long known 
that different kinds of meat and iish, just when they 
are beginning to putrefy, become luminous in the dark, 
and of course give out light. This is the case in par- 
ticular with the whiting, the herring, and the mackerel. 
When four drams of either of these are put into a phial 
containing two ounces of sea water, or of pure water 
holding in solution ~ a dram of common salt, or two 
drams of sulphate of magnesia, if the phial be put into a 
dark place, a luminous ring appears on the surface of 
the liquid within three days, and the whoI% liquid, 
ivhen agitated, becomes luminous, and continues in 
that state for some time. When these liquids are fro- 
zen, the light disappears, but is again emitted as soon as. 


Jour, Phys. XX. 2;o. 
1 1 hide i8ao. p. 16;. 


■f PUL Tru-'r-f. lix. 4^6. 
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they are thawed. A moderate heat increases the lumt- 
nousness, but a boiling heat extinguishes it altogether* 
The light is extinguished also by water, lime watcr^ 
water^ impregnated with carbonic acid gas, or sulphure- 
ted hydrogen gas, fermented liquors, spiritous liquors, 
acids, alkalies, and water saturated with a variety of 
salts, as sal-ammoniac, common salt, sulphate of magne- 
sia j but the light appears again when these solutions' 
are diluted with water. This light produces no sen- 
sible effect on the thermometer'^. After these experi- 
pients, it can scarcely be denied that light constitutes a 
component part of these substances, and that it is the 
first of the constituent parts which makes its escape 
when the substance containing it Is beginning to be de- 
composed. 

. 3 4. Almost all bodies have the pi'operty of absorb 
ing light, though they do not all emit it again like the 
pyrophori and animal bodies. But they by no means 
absorb all the rays indiscriminately : some absorb one 
coloured ray, others another, while they reflect the rest.. 
This is the cause of the different colours of bodies. A 
red body, for instance, reflects the red rays, while it ab- 
sorbs the rest ; a green reflects the green rays, and per- 
haps also the blue and tbe yellow, and absorbs the rest. 
A white body reflects all the rays, and absorbs none ; 
^vhile a black body, on the contrary, absorbs all the 
rays, and reflects none. The different colours of bodies, 
then, depend upon the affinity of each for particular 
rays, and its want of affinity for the others. 


^ The same experiments succeed with Canton’s pyrophoru*?, as Dr 
Hulme showr. 
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15. The absorption of light by bodies produces very , 
sensible changes in them. Plants, for instance, may be Light pro 
made to vegetate tolerably well in the dark ; but in 
that case their colour is always white, they have scarce- 
iy any taste, and contain but a very small proportion of 
combustible matter. In a very short time, however, 
after their exposure to light, their colour becomes green, 
their taste is rendered much more intense, and the 
quantity of combustible matter is considerably increa- 
sed These changes are very obvious, and they de- 


■* The following very curious observation by Professor Robinson de- 
serves particular attention : “ Having occasion, in autumn 1774, to go 
down- and inspect a drain in a coalwmrlc, where an embankment had 
been made to keep off a lateral run of water, and crawling along, I laid 
my hand on a very luxuriant plant, having a copiou.s, deep-indented, 
white foliage, quite unknown to me. I inquired of the colliers what ic 
was ? None of them could tell me. ^ It being curious, I inade a sod be 
carried up to the day-light, to learn of the workmen what sort of a 
plant it was. But nobody had ever seen any like if. A few days after, 
looking at the sod, as it lay at the mouth of the pit, I observed that the 
plant had languished and died for want of water, as I imagined. But 
looking at it more attentively, I observed that a new vegetation was be- 
ginning with little sproutings from the .same stem, and that this new 
growth was of a green colour. This instantly brought to my recollec- 
tion the curious observations of Mr Dufay ; and I caused the .sod to he 
set in the ground and carefully watered. I was the more incited to this, 
because I thoughc that my fingers had contracted a sensible aromatic 
MTiell, by handling tb.e plant at this time. After about a week, this root 
set out several stems at id leaves of common tansy. The workmen now 
recollected that the sods Iiad been taken from an old cottage garden hard 
by, where a great deal of tansy was still growing among the grass. I 
now sent down for more of the same stuff, and several sods were brought 
up, having the same luxuriant white foliage. This, when bruised be- 
tw^een the fingers, gave no aromatic smell whatever. All these plants? 
withered and died down, though carefully watered, and, in each, there 
sprouted from the same stocks fresh stems, and a copious foliage, and 
produced, among others, conimun tansy, fully impregnated with the or- 
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pend incontcstibly upon the agency of light. Another 
very remarkable instance of the agency of light is the 
reduction of the metallic oxides. The red oxide of 
mercury and of lead become much lighter when expo- 
sed to the sun ; and the white salts of silver, in the 
same situation, soon become black, and the oxide is re- 
duced. The oxide of gold may be reduced in the same 
manner. Light, then, has the property of separating* 
oxygen from several of the oxides. Scheele, who first 
attended accurately to these facts, observed also, that 
the violet ray reduced the oxide of silver sooner than 
any of the other rays^; and Sennebier has ascertained, 
that the same ray has the greatest effect in producing 
the green colour of plants f* Berthollet observed, that 
during the reduction of the oxides, a quantity of oxygen 
gas makes its, escape J. 

It was supposed till latrcly, that those reductions of 
metallic oxides were produced by the colorific rays of 
light 5 but Messrs Wollaston, Ritter, and Bockmann, 
have lately ascertained, that muriate of silver is black- 


dlnary juices of that plant, and of a full green colour, I have repeated 
the same experiments with great care on lovage {levistknm 'oulga7'e)^ 
mint, and caraways. As these plants throve very well below, in the 
dark, but with a blanched foliage, which did not spread upwards, but 
lay flat on the ground ; in all of them there was no resemblance of 
shape to the ordinary foliage of the plant. All of them died down whera 
brought into day- light ; and the stocks then produced the proper plants 
in their usual dress, and having all their distinguishing smells.*’ — Dr 
Black’s Lectures^ i. 532. 

On F'lyey p. 78 - ^.nd 98. f Mian. Phisico-chim. ii. yz. 

I ds Pbys. xxix. 81 . When muriate of silver is exposed to the so- 
lar light, it blackens almost instantaneously. In chat case it is not oxygen 
g:is which is emitted, but muriatic acid, as has been observed also hj 
Berthollet, See 'Jourt^dc FLys,htu Zo* 
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eiied most rapidly when it is placed beyond the violet , 
ray, and entirely out of the prismatic spectrum. Hence 
it follows, that the change is produced, not merely by 
the colorific rays, but by rays which are incapable of 
rendering objects visible ; neither do they produce any 
sensible heat. We see that they are more refrangible 
than the colorific rays, as they extend beyond the violet 
end of the spectrum. From these remarkable experi- 
ments it follows, that the solar light is composed of 
at least two sets of rays 5 one set which renders bodies 
visible, and another set which blackens muriate of sil- 
ver, and reduces metallic oxides. It is by no means 
unlikely, that all the other chemical changes produced 
on bodies by solar light, is owing to the second set of 
rays, which hitherto have obtained no name. As the 
effect of the different prismatic colours on metallic ox- 
ides increases with their refrangibiJity, and as the effect 
is greatest at a certain distance beyond the violet ray, 
we can scarcely hesitate to admit, that the colorific rays 
have no influence whatever in the phenomena j but that 
it is owing to the other or deoxidi'zing rays, which of 
course are mixed with the colorific, and increase in (juan^ 
tity with the refrangibility. We shall find afterwards 
that solar light, besides these two sets, contains also a 
third species of ray, different from both in its nature 
and effects. 

16 . Such are the properties of light as far as they 
have been examined. They are sufficient to induce us 
to believe that it is a body, and that it possesses many 
qualities in common with other bodies. It is attracted 
by them, and combines with them precisely as other 
bodies do. But it is distinguished from all the substances 
hitherto described, by possessing three peculiar proper- 
VoL I. ^ D d 
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ties, of which thej are destitute. The first of these 
properties is the power which it has of exciting in us 
the sensation of vision, by moving from the object seeng, 
and entering the eye. The phenomena of colours, and 
the prismatic spectrum,, indicate the existence of seven 
different species of light ; but to what the difference of 
these species is owing, has not been ascertained. We 
are altogether ignorant of the component parts of every 
one of these species. 

The second peculiar property of light is the prodi- 
gious velocity with which it moves whenever it is se- 
parated from any body with which it was formerly 
combined. This velocity, which is but little less than 
200,000 miles in a second, it acquires in a moment ; 
and it seems to acquire it too in all cases,, whatever the 
body be from: which it separates.. 

The third,, and' not the least singular of its peculiar 
properties,, is,, that its particles are never found cohering 
together, so as to form masses of any sensible magni- 
tude. This difference between light and other bodies 
can only be accounted for by supposing that its particles 
repel each other. This seems to constitute the grand, 
distinction between light and the bodies hitherto descri- 
bed. Its particles each other, while- the particles 
of the other bodies attract each other ; and accordingly 
are found cohering together in masses of more or less 
magnitude. 

17. It now only remains to consider the different me- 
thods by which light may be procured ; or, to speak 
more precisely,, the different sources from which light 
is emitted in a visible form. These sources are four: 
1. The sun and stars ; 2. Combustion ; 3. Heat ; and 
4. Percussion. 


LIGHT* 


The light emitted by the siin is familiarly known 
by the names of sunshine and light of day^ The light 
of the stars, as has been ascertained, possesses precisely 
the same properties. With respect to the cause why 
the sun and stars are constantly emitting light, the 
question will probably for ever baffle the human under- 
standing ; at any rate, it is not considered as connected 
with the science of chemistry. 

18. Light is emitted in every case of combustion. 
Now combustion, as far at least as regards simple com- 
bustibles and metals, is the act of combination of the 
combustible with oxygen. Consequently the light 
which is emitted during combustion must have existed 
previously combined either with the combustible or 
with the oxygen. But this subject will be resumed iri 
the next Chapter, where the nature of combustion will 
be particularly considered. 

19. If heat be applied to bodies^ and continually in- 
creased, there is a certain temperature at which^ when 
they arrive, they become luminous. No fact is more 
familiar than this 5 so well known indeed is it, that 
little attention has been paid to it. When a body be- 
comes luminous by being heated in a fire, it is said in 
common language to be red hoi. As far as experiments 
have been made upon this subject, it appears that all 
bodies which are capable of enduring the requisite de- 
gree of heat without decomposition or volatilization be- 
gin to emit light at precisely the same temperamre. 
The first person who examined this subject with atten- 
tion \vas Sir Isaac Newton. He ascertained, by a' very 
ingenious set of experiments, first published in 1701, 
that iron is just visible in the dark when heated to 
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635 ° j that it shines strongly in the dark when raised 
to the temperature of 752 *^ ; that it is luminous in, the 
twilight just after sunset when heated to 884 ° ; and that 
when it shines, even in broad day -light, its temperature 
is above 1000°. From the experiments of Muschen- 
broeck and others, it appears, that what in common lan- 
guage is called a red hcat^ commences about the tempe- 
rature of 800 °. 

A red hot body continues to shine for some time af- 
ter it has been taken from the fire and put into a dark 
place. The constant accession, then, either of light or 
heat, is not necessary for the shining of bodies : but if 
a red hot body be blown upon by a strong current of 
air, it immediately ceases to shine f. Consequently the 
moment the temperature of a body is diminished by a 
certain number of degrees, it ceases to be luminous. 

Whenever a body reaches the proper temperature, it 
becomes luminous, independent of any contact of air 5 
for a piece of iron wire becomes red hot while immer- 
sed in melted lead J. 

To this general law there is one remarkable excep- 
tion- It does not appear that the gases become lumi- 
nous even at a muck higher temperature. The follow- 
ing ingenious experiment of Mr T. Wedgewood seems 
to set the truth of this exception in a very clear point 
of view. He took an earthen ware tube B (fig. 9.), 
bent so in the middle that it could be sunk, and make 
several turns in the large crucible C, which was filled 


^ Dr 'irviiic has shown that this point is rather too low. For mer- 
cury, which hclbuiid to boil at 5751*^, does not become the least luminou'- 
at that temperature. Irvine’s 3 a. 

f T. Wedgewood, 'PhiU Trans* i Id. Ibid, 
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with sand. To one end of this tube was fixed the pair 
of bellows A ; at the other end was the globular vessel 
D, in which was the passage F, furnished with a valve 
to allow air to pass cut, but none to enter. There was 
another opening in this globular vessel filled with glass, 
that one might see w^hat was going on within- The 
crucible w^as put into a fire ; and after the sand had be- 
come red hot, air was blown through the earthen tube 
by means of the bellows- This air, after passing through 
the red hot sand, came into the globular vessel- It 
did not shine ; but ' when a piece of gold wire E was 
hung at that part of the vessel where the earthen ware 
tube entered, it became faintly luminous : a proof that 
though the air was not luminous, it had been hot enough 
to raise other bodies to the shining temperature. 

19 . The last of the sources of light is pei'cussion. It 
is well known, that when fiint and steel are smartly 
struck against each other, a spark always makes its ap- 
pearance, which is capable of setting fire to tinder or to 
gunpowder. The spark in this case, as was long ago 
ascertained by Dr Hooke, is a small particle of the 
iron, which is driven off, and catches fire during its pas- 
sage through the air. This, therefore, and all similar 
cases, belong to the class of combustion. But light of- 
ten makes its appearance when two bodies are struck 
against each other, when we are certain that no such 
thing as combustion can happen, because both the bo- 
dies are incombustible. Thus, for instance, sparks are 
emitted, when two quartz stones are struck smartly a- 
gainst each other, and light is emitted when they are 
rubbed against each other. The experiment succeeds 
equally well under tvater. Many other hard stones 
also emit sparks in the same circumstances. 



4. Percus- 
sion. 



422 


0NCOKFINABLE BODIES, 


Book h If they be often made to emit sparks above a sheet 
pivision n. white paper, there are found upon it a number of 
small black bodies, not very unlike the eggs of flies* 
These bodies are hard but friable, and when rubbed on 
the paper leave a black stain. When viewed with a 
microscope, they seem to have been melted. Muriatic 
acid changes their colour to a green, as it does that of 
lavas ■*', These substances evidently produced the sparks 
by being heated red hot. Lamanon supposes that they 
are particles of quartz combined with oxygen. Were 
that the case, the phenomenon would be precisely simi- 
lar to that which is produced by the collision of flint 
and steel. That they are particles of quartz cannot be 
doubted ; but to suppose them combined with oxygen 
is contrary to all experience ; for these stones never 
show any disposition to combine with oxygen even 
when exposed to the most violent heat. La Metherie 
made experiments on purpose to see whether Lamanon’s 
opinion was well founded ; but they all turned out un- 
favourable to it. And Monge ascertained, that the par- 
ticles described by Lamanon were pure crystal unalter- 
ed, with a quantity of black powder adhering to them. 
He concludes, accordingly, that these fragments bad 
been raised to so high a temperature during their pas- 
sage through the air, that they set fire to all the mi- 
nute bodies that came in their way f . The emission 
of the light is accompanied by a very peculiar smell, 
having some analogy to that of burning sulphur, or 
more nearly to burning gunpowder. 


^ Lamanon, Jour, df J^hys. 1785, 


f Ann> de Chim, 
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Chap. n. 

CHAP. II. 

OF CALORIC. 


iN OTHING is more familiar to ns than heat ; to attempt Definition, 
therefore to define it is unnecessary. When we say 
that a per soil feels heat, that a st07ie is hot, the expres- 
sions are understood without difficulty ; yet in each of 
these propositions, the word heat has a distinct mean- 
ing. In the one, it signifies the sensatio 7 i of heat ; in 
the other, tht cause of that sensation. This ambiguity, 
though of little consequence in common life, leads una- 
voidably in philosophical discussions to confusion and 
perplexity. It was to prevent this that the word c^/o- 
•ric has been chosen to signify the ca^cse of heat. When. 

I put my hand on a hot stone, I experience a certain 
sensation, which I call the sensation of heat the cause 
of this sensation is 'Caloric. 

As the phenomena in which caloric is concerned are 
the most intricate and interesting in chemistry ; as the 
study of them has contributed in a very particular man- 
ner to the advancement of the science ; as they involve 
some of those parts of it which are still exceedingly ob- 
scure, and which have given occasion to the most im- 
portant disputes in which chemists have been engaged — 
they naturally lay claim to a very particular attention. 

I shall divide this Chapter into six Sections : The first. 
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will be occupied with the nature of caloric 5 in the se- 
cond, I will consider its propagation through bodies ; 
in the third, its distribution ; in the fourth, the effects 
which it produces on bodies ; in the fifth, the quantity 
of it which exists in bodies ; and in the sixth, the dif^ 
ferent sources from which it is obtained. 


SECT. I. 


NATUI^E OF CALORIC. 


Concerning the nature of caloric, there are two opi^ 
nions which have divided philosophers ever since they 
turned their attention to the subject. Some suppose 
that caloric, like gravity, is merely a property of mat- 
ter, and that it consists, some how or other, in a pecu- 
liar vibration of its particles ; others, on the contrary, 
think that it is a distinct substance. Each of these opi- 
nions has been supported by the greatest philosophers ; 
and till lately the obscurity of the subject, has been 
such, that both sides have been able to produce exceed- 
ingly plausible and forcible arguments. The recent im- 
provements, however, in this branch of chemistry, have 
gradually rendered the latter opinion much more pro- 
bable than the former : And a repent discovery, made 
by Dr Herschel, has at last nearly put an end to tlie 
dispute, by demonstrating, that caloric is not a proper- 
ty, but a peculiar substance ; or at least that we have 
the same reason for considering it to be a substance, as 
have for the believing light to be materiaU 
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1. Dr'ffefschel had been employed in making obser- Chap. IL 
vations on the sun by means of telescopes. To prevent Discovery 
the inconvenience arising from the heat, he used colour- 
ed glasses ; but these glasses, when they were deep 
enough coloured to intercept the light, very soon crack- 
ed and broke in pieces. This circumstance induced 
him to examine the heating power of the different co- 
loured rays. He made each of them in its turn fall 
upon the bulb of a thermoWter, near which two other 
thermometers were placed to serve as a standard. The 
number of degrees, which the thermometer exposed to 
the coloured ray rose above the other two thermome- 
ters, indicated the heating power of that ray. He found 
that the most refrangible rays have the least heating 
power 5 and that the heating power gradually increases 
as the refrangibility diminishes. The violet ray there- 
fore has the smallest heating power, and the red ray 
the greatest. Dr Herschel found that the heating power 
of the violet, green, and red rays, are to each other as 
the following numbers : 

Violet = 16 . 

Green ~ 22*4 

Red = 55 

It struck Dr Herschel as remarkable, that the illumi- 
nating power and the heating power of the rays follow 
such different laws. The first exists in greatest perfec- 
tion in the middle of the spectrum, and diminishes as 
we approach either extremity ; but the second increases 
constantly from the violet end, and is greatest at the 
red end. This led him to suspect that perhaps the heat- 
ing power does not stop at the end of the visible spec- 
trum, but is continued beyond it. He placed the ther- 
monieter completely beyond the boundary of the red 
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Book L raj, but Still in the line of the spectrum ; and it rose 
still higher than it had done when exposed to the red 
raj. On shifting the thermometer still farther, it con- 
tinued to rise ; and the rise did not reach its maximum 
till the thermometer was half an inch bejond the ut- 
most extremitj of the red raj. When shifted still far- 
ther, it sunk a little ; but the power of heating was 
sensible at the distance of inch from the red raj. 

These important experiments have been lately re- 
peated and fully confirmed by Sir Henry Englefield % 
in the presence of some very good judges. The appa- 
ratus was very different from that of Dr Herschel, and 
contrived on purpose to obviate certain objections which 
had been made to the conclusion drawn by that illus- 
trious philosopher. The bulbs of the thermometers 
used were mostly blackened. The following Table 
exhibits the result obtained in one of these experi- 
ments. 

Thermometer in the blue ray rose in 3' from 55^ to 56 * 

green. 3 54.... 58 

yello w ...... ..3. . ...56. . ..62 

lull red ••••.. 2 -^ .... 56 . • . • T2 

confines of red . 58 . . . .73|- 

bcyond the visible light ... 61 .... 79 

The thermometer, with its bulb blackened, rose much 
more when placed in the same circumstances, than the 
thermometer whose bulb was either naked or whitened 
with paint. This will be apparent from the following 
Table : 


Journal of ile JRoyal Institution, i. 
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Time. 

From 

To 

Red ray 

Black therm. 
White therm. 

3 ' 

|58° 

;55 

61° 

58 

Dark 

Black therm. 
White therm. 

3 

59 

53 

64 

584^ 

Confines of red 

Black therm. 
White therm. 

i 

j 3 

59 

574 

71 

604 ^ 


Both Dr Herschel and Sir Henry Englefield take no- 
tice of a faint blush of red, of a semioval form, visible 
when the rays beyond the red end of the spectrum were 
collected by a lense. 

From these experiments it follows, that there are 
rays emitted from the sun, which produce heat, but 
have not the power of illuminating ; and that these are 
^ the rays which produce the greatest quantity of heat. 
Consequently caloric is emitted from the sun in rays, 
and the rays of caloric are not the same with the rays 
of light. 

On examining the other extremity of the spectrum, 
Dr Herschel ascertained that no rays of caloric can be 
traced beyond the violet ray. He had found, however, 
as Sennebier had done before him, that all the coloured 
rays of the spectrum have the power of heating : it may 
be questioned therefore whether there be any rays which 
do not wa?'m. The coloured rays must either have the 
property of exciting heat as rays of light, or they must 
derive that property from a mixture of rays of caloric. 
If the first of these suppositions were true, light ought 
to excite heat in all cases ; but it has been long known 
to philosophers that the light of the moon does not pro- 
duce the least sensible heat, even when concentrated so 
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Strongly as to surpass, in point of illumination, the 
brightest candles or lamps, and yet these produce a very 
sensible heat. Here then are rajs of light which do 
not produce heat : rays, too, composed of all the seven 
prismatic coloured rays. We must conclude, from this 
well-known fact, that rays of light do not excite heat : 
and consequently that the coloured rays from the sun 
and combustible bodies, since they excite heat, must 
consist of a mixture of rays of light and rajs of caloric. 
That this is the case was demonstrated long ago by Dr 
Hooke and afterwards by Scheele f , who separated 
the two species from each other by a very simple me- 
thod. If a glass mirror be held before a fire, it reflects 
the rays of light, but not the rays of caloric ; a metallic 
mirror, on the other hand, reflects both. The glass 
mirror becomes hot ; the metallic mirror does not alter 
its temperature. If a plate of glass he suddenly inter- 
posed between a glowing fire and the face, it intercepts 
completely the warming power of the fire, without cau- 
sing any sensible diminution of its brilliancy j conse- 
quently it intercepts the rays of caloric, but allows the 
rays of light to pass. If the glass be allowed to remain 
in its station till its temperature has. reached its maxi- 
mum, in tliat situation it ceases to intercept the rays of 
caloric, but allows them to pass as freely as the rays of 
light. This curious fact, which shows us that glass on- 
ly intercepts the rays of caloric till it be saturated with 
them, was discovered long ago by Dr Robison, pro- 
fessor of natural philosophy in the university of Eclin- 
buroh. These facts arc suflicient to convince us that the 

o 


^ Birchi ’s Histi-ry of the Royal i’oj/V/jj iv. 13 7 * 
f O^t Fire, p. 70. Eng. Edit. 
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tays^of light and of caloric are different, and that the co- 
loured ra - s derive their heating power from the rays of 
caloric which they contain. Thus it appears that solar 
light is composed of three sets of rays, the colorific, the 
calorific, and he deoxidizing. 

2. The rays of caloric are refracted by transparent 
bodies just as the rays of light. We see, too, that, like 
the rays of light, they differ in their refrangibility ; that 
some of them are as refrangible as the violet rays, hut 
that the greater number of them are less refrangible than 
the red rays. Whether they are transmitted through 
all transparent bodies has not been ascertained; neither 
has the difference of their refraction in different medi- 
ums been examined. We are certain, however, that 
they are transmitted and refracted by all transparent bo- 
dies which have been employed as burning-glasses. Dr 
Herschel has also proved, by experiment, that it is not 
only the caloric emitted by the sun which is refrangible, 
but likewise the rays emitted by common fires, by can- 
dles, by hot iron, and even by hot water. 

3. The rays of caloric are reflected by polished sur- 
faces in the same manner as the rays of light. This 
ivas lately proved by Herschel ; butithad been demonstra- 
ted long ago by Scheele, who had even before ascertain- 
ed that the angle of their reflection is equal to the angle 
of their incidence. Mr Pictet also had made a set of 
very ingenious experiments on this subject, about the 
year 1790, which led to the same conclusion He 
placed two concave mirrors of tin, of nine inches focus, 


^ A similar set of experiments had been made by Mr King as early 
as 1785 : See his Morsels of Criticism^ vol. I St, 


Chap. IL 


Refracted* 


Refiected, 
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Boole L at the distance of twelve feet two inches from one an©«* 

Bivision IL focus of one of them he placed a ball of 

iron two inches in diameter, heated so as not to be visi- 
ble in the dark ; in the other was placed the bulb of a 
thermometer. In six minutes the thermometer rose 22° » 
A lighted candle, which was substituted for the ball of 
iron, produced nearly the same effect. In this case both 
light and heat appeared to act. In order to separate 
them, he interposed between the two mirrors a plate 
of clear glass. The thermometer sunk in nine minutes 
14^ : and when the glass was again removed, it rose in 
seven minutes about 12® ; yet the light which fell on 
the thermometer did not seem at all diminished by the 
glass. Mr Pictet therefore concluded, that the caloric 
had been reflected by the mirror, and that it had been 
the cause of the rise of the thermometer. In another 
experiment, a glass matrass was substituted for the iron 
ball, nearly of the same diameter with it, and contain- 
ing 2044 grains of boiling water. Two minutes after 
a thick screen of silk, which had been interposed be- 
tween the two mirrors, was removed, the thermometer 
rose from 47° to and descended again the moment 

the matrass was removed from the focus. 

The mirrors of tin were now placed at the distance of 
00 inches from each other ; the matrass with the boil- 
ing water in one of the foci, and a very sensible air 
thermometer in the other, every degree of which was 
equal to about ^V^h of a degree of Fahrenheit. Exact- 
ly in the middle space between the two mirrors there 
was placed a very thin common glass mirror, suspended 
in such a manner that either side could be turned to- 
w^ards the matrass. When the polished side of this mir- 

a, 

rur was turned to the matrass, the thermometer rose 


CALaRIC. 


43M 

iy to 0*5® ; but when the side covered with tinfoil, and Chap, IL 
which had been blackened with ink and smoke, was 
turned towards the matrass, the thermometer rose to 3'50^ 

In another experiment, when the polished side of the 
mirror was turned to the matrass, the thermometer rose 
3°, when the other side 3'* 2^. On rubbing oW the tin- 
foil, and repeating the experiment, the thermometer 
rose 18° ► On substituting for the glass mirror a piece 
of thin white pasteboard of the same dimensions with it, 
the thermometer rose 

4. All the phenomena concur to show that the rays 
of caloric move with a very considerable velocity ; 
though the rate has not been ascertained in a satisfacto- 
ry manner* The experiments of Mr Leslie would lead 
us to conclude that they move with the same velocity 
as sound* But they will come under our consideration 
in a subsequent Section* The following experiment of 
Mr Pictet indicates a very considerable velocity* He 
placed two concave mirrors at the distance of 69 
feet from each other ; the one of tin as before, 
the other of plaster gilt, and IS inches in diameter. 

Into the focus af this last mirror he put an air thermo- 
meter, and a hot bullet of iron into that of the other* 

A few inches from the face of the tin mirror there was 
placed a thick screen, which was removed as soon as 
the. bullet reached the focus. The thermometer rose 
the instant the screen W’-as removed without any percep- 
tible interval ; consequently the time which caloric* 
takes in moving 6i) feet is too minute to be measured f. 

5. As caloric radiates from luminous bodies like light, 

* Pictet, sur h chap. iii. 

f t'ee a. dissertation on this subject la VhU. xix. 309. 
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Book I. and without any sensible diminution of their weight, it 

.* is reasonable to conclude that its particles must be e- 

qiially minute. Therefore neither the addition of calo- 
ric nor its abstraction can sensibly affect the weight of 
bodies. As this follows necessarily as a consequence 
from Dr Herschel’s experiments, were it possible to 
\ prove by experiment that caloric affects the weight of 
bodies, the theory founded on Dr Herschel’s discove- 
ries would be overturned : But such deductions have 
been drawn from the experiments of De Luc % 
Fordycefj Morveau and Chausier§. According to 
these philosophers, bodies become absolutely lighter by 
being heated. The experiment of Fordyce, which seems 
to have been made with the greatest care, was conduct- 
ed in the following manner : 

He took a glass globe three inches in diameter, with 
a short neck, and weighing 451 grains ; poured into it 
1700 grains of water from the New River, London, and 
tliensealed it hermetically. The whole weighed 215044 * 
grains at the temperature of 32 °. It was put for tw’en- 
ty minutes into a freezing mixture of snow and salt till 
some of it was frozen ; it was then, after being wiped 
first witli a dry linen cloth, next with clean washed dry 
leather, immediately weighed, and found to be of 
a grain heavier than before. This was repeated exactly 
in the same manner five different times. At each, more 
of the water was frozen, and more weight gained. 
When the whole water was frozen, it was -4r^h of a 
grain heavier than it bad been when fluid. A thermo- 
meter applied to the globe stood at 10°. When allow^- 


^ Sttr hs Modtf. de V Atmosph* 
I Jour, ic Phys, Oct. 


f PbiL Trans. 1785, part ih 
{ JoMr. de Scavans, 1785* P* 493- 
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ed to remain till the thermometer rose to 32 ®, it weigh- 
ed -j^g-ths of a grain more than it did at the same tempera- 
ture when fluid. It will be seen afterwards that ice 
contains less caloric than water of the same tempera- 
ture with it. The balance used was nice enough to 
mark part of a grain. 

This subject had attracted the attention of Lavoisier^ 
a philosopher distinguished by the uncommon accuracy 
of his researches. His experiments, which were pub- 
lished in the Memoirs of the French Academy for 1783 , 
led him to conclude that the weight of bodies is not al- 
tered by heating or cooling them, and consequently 
that caloric produces no sensible change on the weight 
of bodies. Count Rumford’s experiments on the same 
subject, which were made aboutthe year 1797 , are per- 
fectly decisive. He repeated the experiment of Dr 
Fordyce with the most scrupulous caution ; and, by a 
number of the most ingenious contrivances, demonstrated 
that neither the addition nor the abstraction of caloric 
makes any sensible' alteration in the weight of bodies*.. 

6. Caloric agrees with light in another property no less 
peculiar. Its particles are never found cohering together 
in masses j and whenever they are forcibly accumu- 
lated, they fly off in all directions, and separate from 
each other with inconceivable rapidity. This property 
necessarily supposes the existence of a mutual repulsion 
between the particles of caloric. 

Thus it appears that caloric and light resemble each 
other in a great number of properties. Both are emit- 
ted from the sun in rays with a very great velocity 5 


^ FBiL ^rans. 1799, p. 179* 
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both of them are refracted by transparent bodies, and 
reflected by polished surfaces; both of them consist of 
particles which mutually repel each other, and which 
produce no sensible effect upon the weight of other 
bodies. They differ, however, in this particular : light 
produces in us the sensation of vision ; caloric, on the 
contrary, the sensation of heat. 

Upon the whole, we are authorised by the above 
statement of facts, to conclude that the solar light is 
composed of three distinct substances, in some measure 
separable by the prism on account of the difference of 
their refrangibility. The calorific rays are the least re- 
frangible, the deoxidizing rays are most refrangible, and 
the colorific rays possess a mean degree of refrangibili- 
ty. Hence the rays in the middle of the spectrum have 
the greatest illuminating power, those beyond the red 
end the greatest heating power, and those beyond the 
violet end the greatest deoxidizing power ; and the 
heating power on the one hand, and the deoxidizing 
power on the other, gradually increase as we approach 
that end of the spectrum where the maximum of each 
is concentrated. These different bodies resemble each 
other in so many particulars, that the same reasoning 
respecting refrangibility, reflexibility, See. may be ap- 
plied to all ; but they produce different effects upon 
those bodies on which they act- Little progress has 
yet been made in the investigation of these effects; but 
we may look forward to this subject as likely to cor- 
rect many vague and unmeaning opinions which are at 
present in vogue among chemists. 
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SECT. IL 

OF THE MOTION OF CALORIC. 

^ ROM the preceding account of the nature of caloric^ 
we learn that it is capable, like light, of radiating in 
all directions from the surfaces of bodies 5 and that when 
thus radiated, it moves with a very considerable velocity. 
Like light, too, it is liable to be absorbed when it im- 
pinges against the surfaces of bodies. When it has thus 
entered, it is capable of making its way through all bo- 
dies ; but its motion in this case is comparatively slow. 
Heat then moves at two very different rates. 1. It es- 
capes from the surfaces of bodies. 2. It is conducted^ 
or passes through bodies. It will be proper to consider 
each of these separately. 

1. Escape of Heat from Surfaces. 

When bodies artificially heated are exposed to the 
open air, they immediately begin to emit heat, and con- 
tinue to do so till they become nearly of the tempera- 
ture of the surrounding atmosphere. That different 
substances when placed in this situation cooldown with 
very different degrees of rapidity, could not have es- 
caped the most careless observer ; blit the influence of 
the surface of the hot body in accelerating or retarding 
the cooling process, was not suspected till lately. For 
this curious and important part of the doctrine of heat, 
we are indebted to the sagacity of Mr Leslie, who has 
already brought it to a great degree of perfection. His 
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Book!, hiqiiiry into the Nature of Heat^ published in 1804p. 

Bivision IT. . , . . . , • . n 

contains a great number oi original experiments and. 

views on this subject. It is remarkable, that a few weeks 
after the publication of this work, a dissertation by 
Count Rumford on the same subject, and containing si- 
milar experiments, appeared in the Philosophical Trans- 
actions. This dissertation displays, in a remarkable 
degree, that ingenuity and happy talent of illustra- 
tion for which the Count is so remarkable. But as Mr 
Leslie informs us that his leading experiments had 
been made in 1801, and as his work appeared first, he 
is certainlj; entitled to the merit of priority and origin- 
ality. 

Effect of the i. Mr Leslie filled with hot water a thin globe of 

surface in , . ^ ^ . , . , . , - 

cooling, bright tin, four inches m diameter, having a narrow 

neck, and placed it on a slender frame in a warm room 
without afire. The thermometer inserted in this globe 
sunk half way from the original temperature of the water 
to that of the room in 156 minutes. The same experi- 
ment tvas repeated, but the outside of the globe was 
now covered with a thin coat of lamp black. The 
time elapsed in cooling to the same temperature as in 
the last case was now only SI minutes ^'. Here the 
rate of cooling was nearly doubled ; yet the only dilFer- 
ence was the thin covering of lamp black. Nothing' 
can afibrd a more striking proof than this of the elFect 
of the surface of the hot body on the rate of ifs cool- 
ing. 

Count Rumford took two thin cylindrical brass ves- 
sels of the same size and shape, filled them both with 


* Leslie’s Inquiry into the Nature of Heaii p. 3,68. 
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liot water of the same temperature, and clothed the one 
with a covering of Irish linen, but left the other naked. 
The naked vessel cooled ten degrees in 55 minutes, but 
the one covered with linen cooled ten degrees in 36-I- 
minutes In this experiment, the linen produced a si- 
milar effect with the lamp black in the preceding. In- 
stead of retarding the escape of heat, as might have been 
expected, they produced the contrary effect. TiiC same 
acceleration took place when the cylinder v'as coated 
with a thin covering of glue, of black or white paint, 
or when it was smoked with a candle. 

2. The variation in the rate of cooling occasioned by 
coating the hot vessel v^ith different substances is [drear- 
est Vr'hen the air of the room in which tlie expeniuents 
•are made is perfectly still. The difference diminisi'ies 
when the atmosphere is agitated_^ and in very stro jg 
winds it disappears almost entirely. Thus two globes of 
tin, one bright, the other covered witn lamp black, 
being filled with hot water, and exposed to winds of 
various degrees of violence, were found b y Mr Leslie to 
lose half their heat in the following times f: 


Clean Globe. 

In a gentle gale 44' 

In a pretty strong breeze 23' 
In a vehement wind 9*5' 


Blackened Globe* 
35' 

9' 


This is sufficient to convince us, that the effect of the 
lamp black in accelerating cooling cannot be owing to 
any power which it has of conducting heat, and com- 


^ Nicholson’s Jour. ix. 6o. 
f Inquiry into the Nature of Heatf p, 271 . 


Chap. 11. 


Greatest in 
sf.iii -.ir. 



43S 


MOTION OF 


Book I. municating it to the air, but to the property which it 
radiating heat ("to use the common expression) 
in a greater degree than clear metallic bodies. That 
this is in reality the case is easily shown. 

3. When a canister of tin, of a cubic shape and con- 
siderable size, is placed at the distance of a foot or two 
from a concave mirror of bright polished tin, having a 
delicate thermometer in the focus, the thermometer ex- 
periences a certain elevation. If the canister be coated 
with lamp black, the thermometer rises much higher 
than when the metal is left bright. Here we perceive 
that more heat radiates from the lamp black than the 
clear metal 5 since the elevation of the thermometer is 
in some degree the measure of the radiation. A com- 
mon thermometer does not answer well in similar ex- 
periments, because it is affected by every change of 
temperature in the room in which the experiments are 
made. But Mr Leslie has invented another, to which 
we are indebted for all the precision that has been in- 
troduced into the subject. He has distinguished it by 
Differential the name of the differential thermometer » It was em- 
thermome- ployed also by Count Rumford in his researches. 

This thermometer consists of a small glass tube bent 
into the shape of the letter U, and terminating at each 
extremity in a small hollow ball, nearly of the same 
size ; the tube contains a little sulphuric acid tinged red 
with carmine, and sufficient to fill the greatest part of 
it. The glass bails are full of air, and both communi- 
cate with the intermediate tube. To one of the legs of 
the tube is affixed a small ivory scale divided into 100 de- 
grees; and the sulphuric acid is so disposed, that in the 
graduated leg its upper surface stands opposite to the part 
of the scale marked 0. The gliass ball attached to the leg 
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of the instrument to which the scale is attached, is, by way Cha p 
of distinction, called the focal halL Suppose this ther- 
mometer brought into a warm room, the heat will act 
equally upon both balls, and expanding the included 
air equally in each, the liquor in the tube will remain 
stationary. But suppose the focal ball exposed to heat 
while the other ball is not, in that case the air in- 
cluded in the focal ball will expand, while that in the 
other is not alFected. It will therefore press more upon 
the liquid in the tube, which will of course advance 
towards the cold ball, and therefore the liquid will rise 
in the tube above 0, and the rise will be proportional 
to the degree of heat applied to the focal ball. This 
thermometer, therefore, is peculiarly adapted for ascer- 
taining the degree of heat accumulated in a particular 
point, while the surrounding atmosphere is but little 
affected, as happens in the focus of a reflecting mirror- 
No change in the temperature of the room in which the 
instrument is kept is indicated by it, while the slightest 
alteration in the spot where the focal ball is placed is 
immediately announced by it. 

In making experiments on the radiation of heat, Mr 
Leslie employed hollow tin cubes, varying in size from 
three inches to ten, filled with hot water, and placed 
before a tin reflector, having the differential thermo- 
meter in the focus. The reflector employed was of 
the parabolic figure, and about 14 inches in diameter. 

This apparatus afforded the means of ascertaining the 
effect of different surfaces in radiating heat. It was 
only necessary to coat the surface of the canister with 
the various substances whose radiating properties were 
to be tried, and expose it, thus coated and filled with 
hot water, before the reflector. The heat radiated in 
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each ca^e would be collected into the focus where the 
focal ball of the differential thermometer was placedj^ 
and the rise of this instrument would indicate the pro- 
portional radiation of each surface. These experiments 
were conducted with much address. The following 
are the principal results obtained. 

4. When the nature and position of the canister is 
the same, the rise of the differential thermometer is al- 
ways proportionfvl to the difference between the tem- 
perature of the hot canister and that of the air in the 
room in which the experiment is made 

5, When the temperature of the canister is the same, 
the effect upon the differential thermometer diminislies 
as the distance of the canister increases from the reflec- 
tor, the focal ball being always understood to be 
placed in the focus of the mirror. Thus if the rise of 
the thermometer, when the canister was three feet from 
the mirror, be denoted by 100, it will amount only to 
57 when the canister is removed to six feet. On sub- 
stituting a glass mirror for the reflector, and a charcoaL 
fire for the canister, when the lire was at the distance 
of 10 feet the thermometer rose 37^, and at the distance 
of 30 feet it rose 21 t» From Mr Leslie- s experiments 
it follows, that the effi ct on the thermometer is very 
nearly i* versely proportional to the distance of the cani- 
ster from the reflector. He found likewise that when ca- 
nisters of diffeicnt sizes were used, heated to the same 
point, and placed at such distances that they all sub- 
tended the same angle at the reflector ; in that case the 
effect of each upon the diffirential thermometer was 
nearly the same. Fluis a canister of 


[ 


I 


I 

f 

i 

i 

1 


f Leslie, p. 14. 


f Ibid. p. 51. 
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3 inches at 3 feet distance raised the thermometer 50° 


4 inches - 4 feet 54 

6 inches - 6 feet 51 

10 inches 10 feet 59 


From these experiments we learn, that the effect of the 
canister upon the thermometer is nearly proportional to 
the angle which it subtends, and likewise that the heat 
radiated from the canister suffers no sensible diminution 
during its passage through the air. 

6 . Heat radiates from the surface of hot bodies in 

all directions ; but from Mr Leslie’s experiments we 
learn, that the radiation is most copious in the direction 
perpendicular to the surface of the hot body. When 
the canister is placed in an oblique position to the re- 
flector, the effect diminishes, and the diminution in- 
creases with the obliquity of the canister. Mr Leslie 
has shown, that the effect in ail positions is proportional 
to the visual magnitude of the canister as seen from 
the reflector, or to its orthographic projection. Hence 
the action of the heated surface is proportional to the 
sine of its inclination to the reflector. # 

Such are the effects of the temperature, the distance, 
and p)osition of the canister with respect to the reflec- 
tor. None of these, except the first, occasion any va- 
riation in the quantity of heat radiated, but merely in 
that portion of it which is collected by the mirror and 
sent to the focal ball 5 but the case is different when 
the surface of the canister itself is altered. 

7. Ml Leslie ascertained the power of different sub- 
stances to radiate, by applying them in succession to a 
side of the canister, and observing what effect was pro- 
duced upon the differential thermometer. The follow- 
ing Table exhibits the relative power of the different 
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substances tried hy that philosopher, expressed by the 
elevation of the differential thermometer produced* 


Lamp black ..•.*........100 

Water by estimate*,..,,iO 0 -{- 

Writing paper 98 

Rosin....... 96 

Sealing wax... 95 

Crown glass 90 

China ink 88 

Ice 85 

Minium,...........,....,, 80 

Isinglass 80 

Plumbago..... 75 

Tarnished lead 45 

Mercury... 20-f- 

Clean lead 19 

Iron polished 15 

Tinplate 12 


Gold, silver, copper ... 12 

0 

From this Table it appears, that the metals radiate much 
worse than other substances, and that tin plate is one 
of the feeblest of the metallic bodies tried. Lamp 
black radiates more than eight times as much as this 
last metal, and crown glass 7*5 times as much. The 
experiments of Count Rumford do not coincide exactly 
with those of Mr Leslie respecting the radiating power 
of the metals. The Count found all that he tried equal 
in this respect ; while the preceding table indicates a 
considerable difference in power. But the method a- 
dopted by the Count was not susceptible of the same 
precision with that of Mr Leslie 5 the latter therefore 
has a much greater chance of being correct. 
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8. Such are the radiating powers of different sub- 
stances. But even when the substance continues the 
same, the radiation is very considerably modified by ap- 
parently trifling alterations on its surface. Thus me- 
tals radiate more imperfectly than other bodies; but 
this imperfection depends upon the brightness and 
smoothness of their surface. When, by exposure to 
the air, the metal acquires that tarnish which is usually 
ascribed at present to oxidizement, the power of radi- 
ating heat is greatly increased. Thus it appears from 
the preceding table, that the radiating power of lead 
while bright is only 19 ; but when its surface becomes 
tarnished, its radiating power becomes no less than 45* 
The same change happens to tin, and to all the metals 
tried. 

When the smoothness of the surface is destroyed by 
scratching the metal, its radiating power is increased. 
Thus if the effect of a bright side of the canister be 12, 
it will be raised 22 by rubbing the side in one direc- 
tion with a bit of fine sand paper *. But when the 
surface is rubbed across with sand paper, so as to form 
a new set of furrows intersecting the former ones, the 
radiating power is again somewhat diminished. 

9. The radiating power of the different substances 
€ 3 camined, was ascertained by applying a thin cover- 
ing of each to one of the sides of the canister. Now 
this coal may vary in thickness in any given degree. 
It becomes a question of some importance to ascertain, 
whether the radiating power is influenced by the thick- 
ness to a given extent, or whether it continues the same 
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^ Leslie, p. 8i, 
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Book L -wliatever be the thickness of the covering coat. This 
Division IL ]\Xi- Leslie has likewise resolved. On a bright 

side of a canister he spread a thin coat of liquified 
and four times tlie quantity upon another side ; both 
dried into very thin films. The effect of the thinnest 
film was 38, that of the other 54. In this case the ef- 
fect increased with the thickness of the coat. The 
augmentation goes on till the thickness of the coat of 
jelly amounts to about xWW-cyth of an inch ; after which 
it remains stationary. When a surface of the canister 
was rubbed with olive oil, the effect was 51 : a thick- 
er coat of oil produced an effect of 59. Thus it ap- 
pears that when a metallic surface is covered with a 
coat of jelly or oil, the effect is proportional to the 
thickness of the coat, till this thickness amounts to a 
certain quantity , but when a vitreous surface is co- 
vered by very thin coats of metal, no such change is 
perceived. A canister was employed, one of the sides 
of which was a glass plate. Upon this plate were ap~ 
plied, in succession, very fine coats of gold, silver, and 
copper leaf. But notwithstanding their thinness, the 
effect was only 1 2, or the same that would have been 
produced by a thick coat of these very metals. But 
■when glass enamelled with gold is used, the effect is 
somewhat increased ; a proof that varying the thickness 
of the metallic coats, would have the same effect as va*. 
rying the thickness of jelly, provided they could be 
procured of sufficient tenuity^. As long as an increase 
of thickness alters the radiating power of the coat, it is 
obvious that the surface of the canister below exerts 


^ Leslie, p. i lO. 
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a certain degree of energy. And the action exerted by Chap. if. 
inetaii-c bodies appears to be greater than that exerted 
by vitreous bodies. 

10. Such are all the circumstances connected with the 
radiating surface hitherto observed, which influence its 
power. For hitherto it has been impossible to ascer- 
tain the efficacy of hardness and softness^ or of colour^ 
upon radiation ; though it appears^ from Mr Leslie’s 
experiments, not unlikely that softness has a tendency 
to promote radiation But as the effect, as far at 
least as measured by the differential thermometer, de- 
pends not only upon the radiating surface, but likewise 
upon the surface of the focal ball, and likewise of the 
reflector ; it will be necessary also to consider the modi- 
fications produced by alterations in the surface of these 
bodies. This inquiry, for which, like the preceding, 
we are indebted to Mr Leslie, will throw considerable 
light on the nature of radiation. 

11. When the focal ball is in its natural state, that Surfaces ra- 

d. 

is to say, when its surface is vitreous, it has been al- ab$()rb heat 
ready observed, that the side of the hot canister coated 
■with lamp black raises the thermometer 100'^. If 
the experiment be repeated, covering .the focal ball 
ivith a smooth surface of tinfoil, instead of risingto 100“, 
the theroicnieter will only indicate 20°. A bright side 
of the canister will raise the thermometer, when the 
focal bail is naked, 12- ; but when the ball is co- 
vered with tinfoil, the elevation will not exceed 2-L de- 
grees f. from these experiments it is obvious, that 
ynetal not only radiates heat worse than glass, but like- 


in the sanie 
proportion. 


^ Leslie, p. 90. 


f Ibid, p» 19. 
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wise that it is not nearly so capable of imbibing it 
when the rays strike against its surface. If the surface 
of the tinfoil be farrowed by rubbing it with sand pa- 
per, the effect produced when the focal ball is exposed 
in the focus will be considerably increased It has 
been already observed that the radiating power of tin 
is likewise increased by scratching it. These facts 
entitle us to conclude, that those surfaces which radiate 
heat most powerfully, likewise absorb it most abund- 
antly when it impinges against them. 

12. The very contrary holds with respect to the re- 
flectors, as might indeed have been expected* Those 
surfaces which radiate heat best, reflect it worst ; while 
the weakest radiating surfaces are the most powerful 
reflectors. Metals of course are much better reflectors 
than glass. When a glass mirror was used instead of 
the tin reflector, the diifercntial thermometer rose only 
one degree ; upon coating the surface of the mirror 
with lamp black, all effect was destroyed ; w’hen co- 
vered with a sheet of tinfoil the eflect was 10° f. 

To compare the relative intensity of different sub- 
stances as reflectors, Mr Leslie placed thin smooth 
plates of the substances to be tried before the principal 
reflector, and nearer than the proper focus. A new re- 
flection was produced, and the rays were collected in a' 
focus as much nearer the reflector than the plate as the 
old focus was farther distant. The comparative power 
of the different substances tried was as follows . 

Brass 100 -i 

Silver 90 


^ Lc&Iic>p. 8 1 . 


f Ibid, p. 550. 


I Ibid, po 98 ® 
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Tinfoil . %* ^ . S5 

Block-till 80 

Steel . * 70 

Lead 60 

Tinfoil softened by mercury 1 0 

Glass 10 

Do. coated with wax or oil 5 
When the polish of the reflector is destroyed by rub« 
bing it with sand paper, the effect is very much di- 
minished. When the reflector is coated over with a so- 
lution of jelly, the effect is diminished in proportion as 
the thickness of the coat increases, till its diameter a- 
mounts to inch. The following Ta- 

ble exhibits the intensity of the reflector coated with 
Jelly of various degrees of thickness 
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Thickness of coat. Effect. 

Naked reflector . 127 

^oT'o’ o^nr 98 

T 'o~ o V'o"o ••••♦•••••••• 93 

ToS-ocT 87 

61 

ToJ^o 39 


All these phenomena are precisely what might have 
been expected, on the supposition that the intensity of 
reflection is inversely that of radiation. Mr Leslie has 
shown that it is the anterior surface of reflectors only 


.'■.cslic, p. yo6. 
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Book I. that acts. For when a glass mirror is employed, its 

^ivision If . -g by scraping off the tin from its 

back, nor by grinding the posterior surface with sand 
or emery 

13. Such are the phenomena of the radiation of heat 
as far as the radiating surface, the reflector, and the fo- 
cal ball are concerned. It cannot be doubted from them, 
that heat is actually radiated from diflferent surlaces, 
and that bodies vary considerably in their radiating* 
power. We have seen also that substances differ no 
iess from each other in their power of reflecting heat, 
and that the intensity of the latter power is always the 
inverse of tlie intensity of the former. Before we can 
be able to form a judgment of the way in which the 
heat is conveyed in these cases, it will be necessary to 
examine the effect of the different mediums in which 
the radiation may take place, and the obstructions oc- 
casioned by putting different substances betvvcen the 
radiating surface and the reflector. Both of these points 
have been examined by Mr Leslie with his usual acute- 
ness. 

Radiation j 4, Jn nil common cases, the roediuin through which 

takes place . , , . -w/r x • 

only in das- the licut IS radiated is the air; and Irom Mr Leslie’s 
experiments it appears, that no sensible radiation can 
be observed when the canister, reflector, and difleren- 
tial thermometer, are plunged into water. Hence he 
concludes, that no radiation takes place except when the 
radiating body is surrounded with an elastic medium. 
But the experiments which he adduces are scarcely 
sufiicient to decide the point. Substances cool so fast 


Leslie, p. at* 
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tvben plunged into water, that there is scarcely time for , 
the thermometer to he affected ; and, besides, the heat 
could scarcely accumulate in the focal ball in such 
quantity as to occasion a sensible rise^'- 

Heat radiates through all the gaseous bodies tried ; 
and from Mr Leslie’s experiments, it does not appear 
that the rate of radiation is much influenced by alter- 
ing the surrounding medium. The rate is the same^ 
at least, in air and hydrogen gas ; and oxygen and azotic 
gas appear to have the same properties in this respect 

as air- Mr Leslie has shown also that the rarefaction Diminished 

, "arefac*’ 

of the surrounding air diminishes somewhat the radia- 
ting energy of surfaces ; but the radiation diminishes 
at different rates in different gases. The following 
Table, calculated from his trials, shows, according to 
him, the diminution of the power of radiation in air 
and hydrogen gas of different degrees of rarity. 


^ We shall find, however, hereafter, that other experiments of hlr 
Leslie leave no dou’ot that heat does not radiate through solid bodies. 
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Air. 

HydrogiSn,. 

Rarity. 

Radiation of 

Radiation of 

Glass. 

Metal. 

Glass. 

Metal. 

1 

5714 

714 

5714 

714 

2 

5519 

690 

5584 

698 

4 

5332 

667 

5456 

682. 

8 

5150 

644 

5331 

666 

16 

4975 

622 

5210 

651 

32 

4805 

601 

5091 

637 

64 

4641 

580 

4974 

622 

: 128 

44S3 

560 

4861 

60S 

256 

4331 

542 

4750 

594 

512 

4183 

523 

41641 

580 

1024 

4041 

505 

453S 

567 


Such is the effect of different mediums as far as they 
have been examined by Mr Leslie ; but the experiments 
on which his conclusions were founded would require 
to be repeated. 

Intercept When a substance is interposed by way of 

ivc power screen between the liot canister and the reilectc/r^ the 
screen* 

effect is either amiinished or destroyed aitogethei'j ac- 
cording to circumstances. Tiiese circumstances have 
been examiner by Mr Leslie with great sagacity. In- 
deed, the deveJupement o? the effect of screens constitutes 
perhaps the most curious and important part of his 
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whole work. A screen may affect the radiation of heat , Chap. 1 1, ^ 
three ways; 1. By its distance from the hot canister ; 

2. By its thickness 5 and, 3. By the nature of the sub- 
stance of which it is composed. Let us take a view of 
each of these in succession. 

First, From all Mr Leslie’s trials, it appears that a 
screen diminishes the effect of radiation upon the differ- 
ential thermometer situated in the focus of the reflector, 
in proportion to its distance from the canister. When 
placed very near the canister, the effect is comparatively 
small ; but it increases rapidly as the screen is drawn Fncreases 
away from the canister ; so that the elevation of the i^ncc fronr 
differential thermometer is soon prevented altogether, 

When the canister is at the distance of three feet from 
the reflector, if the side painted with lamp black pro- 
duce an efiect equivalent to 100, this effect upon in- 
terposing a pane of glass at the distance of two inches 
from the canister will be diminished to 20. When the 
pane is advanced slowly forward towards the reflector, 
the effect of the radiation gradually diminishes 5 and 
when it has got to the distance of one foot from the 
screen, the radiation Is completely intercepted*. 

Seco?idy When a screen of thin deal board is used in- 
stead of the pane of glass, and placed at the distance of 
two inches from the canister, the radiation is diminish- 
ed, and the diminution is proportional to the thickness 
of the board. 

With a board inch thick the effect is 20 

finch 15 

6 • i inch 


* L^•dIe, p. 


o 


452 


B'lOTION OF 


Bonk L 
Division IF- 

R idiatcti 
inter- 
cepted by 
ali solids. 


Thus the radiation diminishes very slowly as the thick'* 
ness increases 

Third, When a sheet of tinfoil is substituted for the 
glass pane, and put into the same position, the elFect, 
instead of 20, is reduced to 0 ; and this happens how- 
ever dun I lie tinfoil is ; even gold leaf of the thickness 
of xokoo-o*^^^ inch, though pervious to 

iighi, completely stops the progress of radiating heat» 
When a sheet of writing paper is substituted for tinfoili 
the f fleet is 23 f. Thus it appears, that substances 
vary considerably from each other in their property of 
intercepting radiating heat ; and likewise that the power 
of intercepting heat is inversely as the power of radi- 
ating it. Those substances which radiate most heat, 
intercept the least of it when in the situation of screens; 
and those which radiate the least heat, on the contrary, 
intercept the most. But it was former]}^ observed, that 
the power of absorbing heat was the same with that 
of nidiatiiu*; it. Kence tJiose substances which absorb 
least lieat are the most powerful interceptors of it, and 
the contrary. 

These facts lead naturally to the opinion, tliat the 
property of absorbing heat depends upon the surface 
of the substance wliich is interposed as a screen ; an 
opinion which Mr Leslie, has established by the follow- 
ing experiments, lie took two paiiCs of glas-', and 
coated one side of each with tiidoil, leaving* the other 
side bare. These twm panes were presscvl together; 
the tinned side of each being outmost, and applied as 
a screen at two inches distance from the canister. The 
■whole of the rajs of heat appeared to be iiitercepted^> 
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for the thermometer was not acted upon at all. Bat 
when the glass side of the screen was oiirmost, the effect 
of radiation was equivalent to 18. Here we find the 
very same screen, in the very same position, intercept- 
ing very different proportions of the radiated heat, ac- 
cording to the nature of its external siirl’ace. When 
the tin was outmost, the whole heat was stopped ; but 
when tlie glass was outmost, about jth passed on to 
the reflector. The effect ivas analogous when txvo 
sheets of tin, each painted on one side with a thin coat 
of lamp black, w'ere employed as a screen, and placed 
two inches from the canister. Pressed rogeiiier, and 
haviijg their metal sides outmost, tlie radiation ]*roduced 
no effect upon the thermometer; but wlwr, tiu- 
ed sides were outmost, tim cilect was equivaiei-t 'O 
When only one of the p’ates is used, and us bhiclvvoed 
side turned to the canister, tlie effect is '.qn il ii> 4. If 
the two plates be used with their blackened suies out- 
most, and at the distance of twm inches froin each otner^ 
all cllhct is destroyed 

1C). Sucii are the phenomena of the radiation of lieat 
as far as tliey have been ascertained. Let us see iiow 
far they will enable us to ascertain its mature. The 
only other radiation with wliich we are familiarly ac- 
quainted is that of light. This seems to have induced 
philosophers to consider them both as similar, withoLit 
any minute examination ; but the facts ascti rained by 
Mr Leslie, supposing them correct, demenstrate that 
tliere is no such similarity between them as has been 
supposed. Light passes through diaphanous bodies, as 
glass, With only a small diminution of its intensity ; 
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Book I. iand the effect is the same in whatever part of the course 
Division It . glass pane is placed. But witli radiating heat the 
case is very different ; when the pane is placed very 
near the canister^ a portion of the effect still takes 
place ; but as the pane is removed towards the reiiectorj, 
the intensity gradually diminishes, and at last disap» 
pears. Neither does the intensity of surfaces radiating 
heat vary at the same rate as that of luminous bodies 5 
the first being very nearly inversely as the distance, tlie 
second inversely as the square of the distance. These, 
and several other particulars pointed out in the prece- 
ding pages, indicate a decided difference between the 
radiation of heat and of light. 

Mr Leslie’s experiments on the effect of screens leave 
no doubt that eVery solid body interposed between the 
canister and the reflector, however diaphanous or thin, 
completely intercepts all the rays of heat. For when 
such bodies are interposed, the remaining intensity is 
always proportional to the disposition of the screen 
to receive and radiate heat ; and the effect constantly di- 
minishes as the screen is removed to a greater clis- 
laiicc from the canister : that is to say, that the screen 
imbibes a certain portion of lieat from the canister, 
'.md radiates again the excess which it has thus acquired. 
Thus a screen is prcciselj’- the same as another canister 
heated to a smaller temperature. The rays of beat then 
cannot pass through solid bodies, hoxvcver thin and 
transparent, in the state of raj?s. They enter the screen, 
are retained by it, and only a small portion sent off 
from the other surface, in proportion as its heat is greats 
cr than that of the air. In this respect the radiation 
of heat differs materially from that of light. Hence 



CALORIC. 


455 


^be reason why radiation takes place only when the hot Chap. n. 
hody is surrounded with an elastic medium,. 

But provided the medium be elastic, it does not ap- 
pear that its chemical nature occasions any difference ; 
at least in the few trials made by Mr Leslie, the radi- 
ation in air was nearly the same as in other gases. But 
when the medium is artificially rarefied, the effect is di- 
minished. 

It does not appear that the rays of heat suffer a di- 
minution during their passage through air, how great 
soever the distance be through which they pass ; for 
the effect on the thermometer is proportional to the vi- 
sual magnitude of the canister. In this respect they 
resemble the rays of light, and seem to differ in se- 
veral circumstances from the aerial pulses which con- 
stitute sound. 

Thus it appears, that rays of heat are sent off in dif- 
ferent quantities from different surfaces ; that they can 
pass only through aerial bodies, being intercepted by 
all solids 5 that their intensity -diminishes inversely as 
their distance ; and that no part of them is lost during 
their journey. So far seems to be sufficiently esta- 
blished ; but beyond it every thing is still hypothetical. 

Mr Leslie supposes that the heat is conveyed from one Ascribed to 
surface to another by means of the air, and that the 
supposed radiation is nothing else than a series of aerial 
undulations. The radiation of heat, according to this 
hypothesis, is analogous to the propagation of sound. 

A hot body, according to him, communicates a certain 
portion of heat to the stratum of air immediately in its 
neighbourhood ; the stratum immediately expands, and 
the vibration into which it is thrown occasions a simi- 
lar vibration in the next stratum, which is propagated m 
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Bcxjk L the usual manner, and with the velocity of sound. The 
portion of heat which produced the first vibration, 
passes irom the first stratum of air to the secoird, and 
from the second to the third, with the same rajiidity as 
the undulations themselves. The amount of the effect 
will depend upon the portion of heat communicateil at 
each successive moment to the stratum of air in the 
neighbourhood of the hot body; and this will depend 
upon the nearness of the air to that substance. Those 
bodies to w'hich air approaches the closest will there- 
fore radiate heat more powerfully than those to w’hicli 
it cannot approach so near. Hence glass, and those 
other bodies which radiate best, have the greatest af- 
finity for air ; and metals, which radiate worst, liave the 
least affinity for air. Hence, also, those bodies which 
radiate heat best, must absorb it most readily ; because 
the pulses of air loaded with heat will approach them 
more nearly. Scratching the surface of a metal in- 
creases its radiaiiiig cower by allowing the particles of 
air to approach more nearly m consequence ol tne pro- 
minences produced ; aiul the same reason accounts for 
the increasing effect produced by repeated coats oi jel- 
ly applied to metallic suitaces. 

Such is an imperfect sketch of Mr Leslie’s ingenious 
hypothesis. For a fuller detail it will be necessary to 
consult his work. Several obj' ction.. naturally present 
themselves to this view of the subject ; but as the au- 
thor has not hitherto advanced any proof in con On na- 
tion of his peculiar opinions^ except their couvciiience 
in accounting for the phenomena, it is not necessary to 
enter upon a particular examination of them. They 
cannot be admitted without direct proof; especially as 
they do not appear consistent with the experiments of 
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Hersclielp Wollaston, Ritter, and Bockmann. Count 
Rumtord has advanced an hypothesis not very dissimi- 
lar, bat has not succeeded so well in giving it an im- 
posing aspect. 

11. Passage of Caloric through Bodies. 

1. Caloric, we have seen, is incapable of moving in 
rays through solid bodies. Yet it is well known that 
ali bodies whatever are pervious to it. Through so- 
lids, then, it must pass in a different manner. In gene- 
ral its passage through them is remarkably slow. Thus 
if we put the end of a bar of iron, twenty inches long, 
into a common fire, while a thermometer is attached to 
the other extremity ; tour minutes elapse before the 
thermometer begins to ascend, and 15 iiiiniites by the 
time It has risen 15^. In this case, the caloric takes 
four minutes to pass through a bar of iron 20 inches. 
When caloric passes in this slow manner, it is said to be 
conducted through bodies. It is in . this manner alone 
that It passes through non-elastic bodies; and though it 
often moves by radiation through elastic media, yet we 
shall find afterwards that it is capable of being conduct- 
ed through them likewise. 

2. h% the velocity of caloric, wlien it is conducted 
through bodies, is greatly retarded, it is clear tliat it dues 
not move througli them without restraint. It must be 
detained for some time by the particles of the conduct- 
ing body, and consequently must be attracted by them. 
Hence if follows that there is an afiinity or attraction 
between caloric and every conductor. It is in conse- 
quence of ttiis affirjify that it is conducted througli the 
body. This perhaps will be better uuderstood by the 
following iliustration : 
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Book L Let M be a body (a mass of X 

Divisujn Ik , r • ^ j 

iron, tor instance) composed ot l * — - — 

an indefinite number of parti- 2 

cleSj arranged in the strata, l, 3 - — 

2, 3, 4, 5, 6y 7, &-C. Let calo- 4 -M 

ric be communicated to it in 5 

the direction X. The first stra- 6 

turn of particles 1 combines 7 

with a dose of caloric, and forms a compound which we 
shall call A. This compound cannot be decomposed 
by the second stratum, because all the strata before the 
application of the heat were at the same temperature ; 
^consequently the afiinity of all for caloric must have 
been equal. Now it would be absurd to suppose a com- 
pound destroyed by an affinity no greater than that 
which produced it* If therefore only one doze of calo- 
ric combined with stratum 1, no caloric could pass be- 
yond that stratum. But the compound A has still an 
affinity for caloric ; it therefore combines with another 
dose of it, and forms a new compound, which we shall 
call B. 

This stratum is now combined with two doses of ca- 
loric ; the second of wliich, according to the general 
•law already explained, is retained by a weaker affinity 
than tb*e first. Stratum 2, therefore, is capable of ab- 
stracting this second dose. Accordingly it combines 
with it, and forms the compound A. Here are two 
strata combined each with a dose of caloric, and conse- 
quently constituting compound A. The third stratum 
is unable to decompose the second, for the same reason 
that the second was unable to decompose the first wdiile 
only combined with one dose. Stratum 1 again com- 
bines with a doze of caloric, and forms compound IL 
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Stratum 2 is unable to decompose this compound, be- , 
cause being already combined with one dose, its affinity 
for the second dose cannot be greater than that of stra- 
tum 1 for'the same second dose. 

But stratum l combines with a third dose of caloric^ 
and forms a new compound which we shall call C. 

The affinity of this third dose being inferior to that of 
the second, stratum 2 abstracts it and forms compound 
B. This second dose is abstracted from stratum 2 by 
stratum 3, which now forms compound A. Stratum 1 
again forms compound C, to be again decomposed by 
stratum 2, which stratum forms a new compound B- 
Compound C is a third time formed by stratum 1. 

Three strata are now heated. Stratum l is combined 
with three doses, stratum 2 with two doses, and stratum 
3 with one dose. The caloric can pass no farther: for 
stratum 4 cannot decompose compound A, nor stratum 
3 compound B, nor stratum 2 compound C. But stra- 
tum 1 combines with a fourth dose of caloric, and forms 
a new compound which we shall call D. This new 
dose is abstracted by stratum 2, which forms compound 
C. It is again abstracted from stratum 2 by stratum 3, 
which forms compound B. From stratum 3 it is ab- 
stracted by stratum 4, which forms compound A. 

Stratum 1 again combines with a new dose, and forms 
compound D ; wffiich is abstracted first by stratum 2, 
and then by stratum 3, which last stratum forms com- 
pound B. Stratum 1 a third time forms compound 
D ; but the dose is immediately abstracted by stratum 
2, which forms with it compound C. Coiupound D 
is a fourth time formed by stratum 1, and is not de- 
composed any more. Here are four strata combin€4 
with caloric j stratum 1 with four doses, stratum 2 wuth 
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?>r-kf. three doses, stratum 3 with two doses, and stratum 4 
d . dose. In this manner may the heating process 

{TO Oil till any number of strata whatever are coinbiocd 
Tvith caloric. 

3- Eodies then conduct caloric in consequence of their 
ahiairy for it, and the property which they have of 
CO ; billing iiideiinitely with additional doses of it. 
Hence the reason of the slowness of the process, or, 
which is the same thing, of the long time necessary to 
heat or to cool a body. The process consists in an ai- 
Biost infinite number of repeated compositions and de- 
compositions. 

4. We see, too, that when heat is applied to one extre- 
mity of a body, the temperature of the strata of that 
body must diminish equably, according to their dis- 
tance from the source of heat. Every person must 
have observed that this is always the case. If, for in- 
stance, we pass our hand along an iron rod, one end of 
wliich is held in the fire, we shall perceive its tempera- 
ture gradually diminishing from the end in tlie lire, 
w'hich is liottcst, to the other extremity, which is 
coldest. Hence the measure of the heat Irausmittcd 
must always be proportional to the excess of tempera- 
ture communicated to that side of iJic conductor which 
is nearest the source of heat. 

Has 2 limit. 5. The passage of caloric through a body by its con- 
ducting power must have a limit j and that Jimit de- 
pends upon the number of doses of caloric with which 
the stratum of the body nearest the source of heat is ca- 
pable of combining, if tlie length of a body be so great 
that the strata of which it is composed exceed the num- 
ber ot doses of caloric with 'whicli a stratum is capable 
Oi combining, it is ciear that caloric cannot possibly be 
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conducted through the body ; that is to say, the strata .Chap. IL ^ 
fiirtbest distant from the, source of heat cannot receive 
any increase of temperature. This limit depends, in 
all cases, upon the quantity of caloric with which abo™ 
dy is capable of combining before it changes its state. 

All bodies, as tar as we know at present, are capable of 
combining indefinitely with caloric ; but the greater 
number, after the addition of a certain number of doses, 
change their state. Thus ice, after combining with a 
certain quantity of caloric, is changed into water, which 
is converted in its turn to steam by the addition of 
more caloric. Metals also, when heated to a certain 
degree, meir, are volatilized, and oxidated : wood and 
most otlier combustibles catch fire, and are dissipated. 

Now whenever as much caloric has combined with the 
first stratum of a body as it can receive without changing 
its state, it is evident that no more caloric can enter the 
body ; because the next dose will dissipate the first 
stratum. 

6. As to the rate at which bodies conduct caloric, that 
depends upon the specific nature of each particular body; 
the best conductors conducting most rapidly, and to 
the greatest distance. The goodness of bodies as con- 
ductors appear to be in some measure dependent upon 
their density ; but not altogetiier, as tlie speciiic affinity 
of each for caloric mus!; iiave considerable influence. 

When bodies are arranged into sets, xve maj lay it down 
as a general rule that the dei;sest set conduct at the 
greatest rate. Thus the metals conduct at a greater rate 
than any other bodies. But in considering the indivi- 
duals of a set, it is not always the densest that conducts 
best. 

7. As bodies conduct caloric in consequence of their 
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allinify it, Cuid ss all bodies have an affiahj for calo- 
ric, it follows as a consequence, that all bodies must be 
conductors, unless tlieir conducting poxver be counter- 
acted by some other property. If a body, for instance, 
were of such a nature that a single close of caloric suf- 
ficed to produce a change in its state, it is evident that 
it could not conduct caloric ; because every row of par- 
ticles, as soon as it had combined with a close of ca- 
loric, would cliangc its place, and could not therefore 
communicate caloric to the strata behind it. 

8. All solids are conductors; because ail solids are ca- 
pable of combining with various doses of caloric before 
they change their state. This is the case in a very re- 
markable degree with all earthy and stony bodies ; it 
is the case also with metals, with vegetables, and with 
animal matters. This, however, must be understood 
with certain limitations. All bodies are indeed con- 
ductors ; but they are not conductors in all situations* 
Most solids are conductors at the common temperature 
of the atmosphere ; but when heated to the tempera- 
ture at which they change their state, they are no long- 
er conductors. Thus at llie tetiipcrature of 60'^ sul- 
phur is a conductor; but v'heii fieatcd to 2 IS®, or the 
point at which it melts or is volatilized, it is no longer 
a conductor. In the same rnanner ice conducis caloric 
when at the temperature of 20'^, oi auj other degree 
below the freezing point ; but ice at 32'^ is not a con- 
ductor, because the addition of caloric causes it to 
change its state. 

9. With respect to liquids and gaseous bodies, it would 
appear at first sight that thej^ also are rVll c.r diicmrs ^ 
for they can be heated as well as so'kIs, and heaied too 
considerably without sensiblj changing their state. But 
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iuids differ from solids in one essential particular : 
their particles are at full liberty to move among them- 
selves, and they obey the smallest impulse ; while the 
particles of solids, from the very nature of these bodies, 
are fixed and stationary. One of the changes which- 
caloric produces on bodies is expansion, or increase of 
bulk ; and this increase is attended with a proportional 
diminution of specific gravity. Therefore, whenexxr 
caloric combines with a stratum of particles, the whole 
stratum becomes specifically lighter than the other par- 
ticles. This produces no change of situation in solids ; 

^ but in fluids, if the heated stratum happens to be below 
the other strata, it ia pressed upivards by them, and 
being at liberty to move, it changes its place, and is 
buoyed up to the surface of the fluid. 

In fluids, then. It makes a very great difference to 
what part of the body the source of heat is applied. If 
it be applied to the highest stratum of all, or to the 
surface of the liquid, the caloric can only make its way 
downwards, as through solids, by the conducting power 
of the fluid : but if it be applied to the lowest stratum, 
it makes its w^ay upwards, independent of that conduct- 
ing power, in consequence of the fluidity of the body 
and the expansion of the heated particles. The lowest: 
stratum, as soon as it^comhines with a close of caloric, 
becomes specifically lighter, and ascends. New par- 
ticles approach the source of heat, combine with caloric 
in their turn^ and are displaced. In this manner all the 
particles come, one after another, to the source of heal; 
of course the whole of them are heated in a very shor r 
time, and the caloric is carried almost at once to much 
greater distances in fluids than in any solid whatever. 
Fluids, therefore, have the property of canjhig or 
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iransportmg caloric ; in consequence of which they ac*. 
quite heat independent altogether of any conducting 
power. 

10. The carrying power of fluids was first accurately 
examined by Count Rumford. This ingenious philo- 
sopher was so struck with it the first time he observed 
it, that he was led to conclude, that it is by means of it 
alone that fluids acquire heat, and that they are alto- 
gether destitute of the property of conducting caloric. 
In a set of experiments on the communication of beat, 
he made use of thermometers of an uncommon size. 
Having exposed one of these (the bulb of which war 
near four inches in diameter) filled with alcohol to as 
great a heat as it could support, he placed it in a win- 
dow to cool, where the sun happened to be shining. 
Some particles of dust had by accident been mixed with 
the alcohol: these being illuminated by the sun, became 
perfectly visible, and discovered that the w^hole liquid in 
the tube of the thermometer was in a most rapid mo- 
tion, running swiftly in opposite directions upivards 
and downwards at the same time. The ascendiiw cur- 

o 

rent occupied the axis, the descending current the sides 
of the tube. When the sides of tlie tube were coolid by 
means of ice, the velocity of both currents was accele- 
rated. It diminished as the liquid cooled ; and when it 
had acquired the temperature of the room, the motion 
ceased altogether. Tins experiment was repeated with 
linseed oil, and the result was. precisdy the same. 
These currents w^ere evidently produced by the particles 
of the liquid going individually to the sides of the tube, 
and giving out their caloric. The moment they did so, 
their specific gravity being increased, they fell to the 
bottom, and of course pushed up the warmer part of 
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the -fl aid, whicKwas thus forced to ascend along the 
axis of the tube. Having reached the top of the tube, 
the particles gave out part of their caloric, becariie spe- 
cificallj heavier, and tumbled in their turn to the bot-^ 
tom. 

As these internal motions of fluids c^n only be dis® 
covered by mixing with them bodies of the same spe- 
cific gravity with themselves, and as there is hardly 
^ny substance of the same specific gravity with water 
^vllich is not soluble in it. Count Rumford had recourse 
to the following ingenious method of ascertaining whe- 
ther that fluid also followed the same lawi The speci- 
fic gravity of water is increased considerably by dissol- 
ving any salt in it ; he added, therefore, potash to water 
till its specific gravity was exactly equal to that of am- 
ber, a substance but very little heavier than pure wa- 
ter. A number of small pieces of amber were then 
mixed with this solution, and the whole put into a glass 
globe wi^h a long neck, which, on being heated and 
exposed to cool, exhibited exactly the same phenomenal 
with the other fluids. A change of teniperature, a- 
iBounting only to a very few degrees^ was sufiScient to 
set the currents a* flowing 5 1 and a motion might at any 
time be produced by applying a hot or a cold body to 
any part of the vessel. When a hot body was applied^, 
that part of the fluid nearest it ascended 5 but it de- 
scended on the application of a cold body. 

These observations naturally led Count Rumford to 
examine whether the heating and cooling of fluids be 
tiot very much retarded by every thing which diminishes 
the fluidity of these bodies. He took a large linseed- 
oil thermometer with a copper bulb and glass tube ; 
the bulb was placed exactly in the centre of a brass cy- 
FoL L ' ^ g 
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Book T. linder ; so that there was a void space between theitsi 
pivision IL around 0'25n5 of an inch thick. The thermo- 
meter was kept in its place by means of four wooden 
pins projecting from the sides and bottom of the cy- 
linder, and by the tube of it passing through the cork: 
stopper of the cylinder. This cylinder was filled with 
pure water, then held in melting snow till the ther- 
mometer fell to 32°, and immediately plunged into 
a vessel of boiling water. ' The thermometer rose 
from 32° to 200 ° in 597". It is obvious that all the 
caloric which served to raise the thermometer must 
have made its way through the water in the cylinder. 
The experiment was repeated exactly in the: same 
manner 5 but the water in the cylinder, which amount- 
ed to 2270 grains, had 192 grains of starch boiled in it, 
which rendered it much less fluid. The thermometer 
now took 1109" to rise from 32° to 200 °. The same 
experiment was again repeated with the same quan- 
tity of pure water, having 192 grains of eiderdown 
mixed with it, which would merely tend to embarrass 
the motion of the particles. A quantity of stewed ap- 
ples were also in another experiment put int 6 the cy- 
linder. The following Tables exhibit the result of all- 
these experiments. 



CALORIC# 46 1 

Chap. IT., 


Time the caloric was in passing into the Therniometer ^ 


Tempera- 

ture. 

Through 
the Water 
and Starch. 

Through th«' 
Water, and 
Eiderdown. 

Through 

stewed 

Apples. 

Through 

pure 

Water. 


Seconds, 

Seconds. 

Seconds. 

Seconds. 

Therm, rose 
from 32 *^ to 
200 ° in 

11Q9 

949 

1096i 

597 

Therm, rose 

'VIZ, 

from 8o° to 
i6o°, in 

341 

i 

269 

335 

172 


Time the Caloric was in passing out of the Thermometer^ 


Tempera- 

ture. 

Through Through the 
the Water Water and 
amd Starch. ^#rdiown. 

Through 

stewed 

Apples. 

Through 

pure 

Water. 


Sccends. 

Seconds. 

Seconds. 

Seconds. 

Therm, fell 
from 200° 
to 40 ° in 

1548 

1541 

17494- 

1032 

Therm. 11 
8o°, VIZ. 
from i6o° 
to 8o° in 

468 

460 

520 

277 


Now the starch and eiderdown diminished the fluidity 
of the water. Tt follows from these experiments, that 
the more tjompletely the internal motions of a liquid 
are impeded, the longer is that liqtiid before it acquires 
a given temperature.” Therefore^ wfien heat is ap- 
plied to liq^uids, they acquire the greatest part pf their 
G g 2 
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And con- 
duct ir. 


temperature, In coiuon cases, by tlieir carrying power^- 
If liquids tlien be conductors, tbeir conducting power is 
but small when compared with their carrying power« 

All liquids, however, are capable of conducting ca» 
loric 5 for when the source of heat is applied to their 
surface, the caloric gradually makes its way downwards, 
and the temperature of every stratum gradually dimi- 
nishes from the surface to the bottom of the liquid. The 
increase of temperature in this case is not owing to the 
carrying power of the liquid. By that power caloric^ 
may indeed make its way upwards through liquids, but 
certainly not downwards. Liquids, then, are conduc- 
tors of caloric. 

Count Rumford, indeed, has drawn a different con- 
cluston from his experiments. He fixed a cake of ice 
in the bottom of a glass jar, covered ^th inch thick with 
cold water. Over this was poured gently a consider- 
able quantity of boiling water. Now, if water were a 
non-conductor, no caloric would pass through the cold 
water, and consequently none of the ice would be melt- 
ed. The melting of the ice, then, was to determine 
whether water be a conductor or not. In two hours 
about half of the ice was melted. This one would 
think, at first sight, a decisive proof that water is a 
con4uctor. But the Count has fallen upon a very in- 
genious method of accounting for the melting of the 
ice, without being under the necessity (as he tells 
us) of renouncing his theory, that fluids are non-con- 
ductors.” - 

It is well known that the specific gravity of water a- 
bout 40® is a maximum : if it be either heated above 
40®, or cooled down below 40*^, its density diminishes. 
Therefore, whenever a particle of water arrives at the 
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temperature of 40®, it will sink to tlie bottom of the ^ Chap 
vessel. Now as the water next the ice was at 32®, it 
is evident, that whenever anj part of the hot water was 
cooled down to 40®, it would sink, displace the water 
at 32®, come into contact with the ice, and of course 
melt it. The Count^s, ingenuity, never without resour- 
ces, enabled him to prove completely that the ice em- 
ployed in his experiment was actually melted in that 
manner : for when he covered the ice partially with 
slips of wood, that part which was shaded by the wood 
was not melted ; and when he covered the whole of the 
ice with a thin plate of tin, having a circular hole in 
the middle, only the part exactly under the hole was 
melted. From these facts it certainly may be conclu- 
ded that the ice was melted by descending currents of 
water. 

But the point to be proved is, not whether there 
were descending currents, but whether water be a con- 
ductor or not. Now if water be a noti-conductor, I 
ask, How the hot water was cooled down to 40^ ? Not 
at the surface ; for the Count himself tells us, that 
there the temperature was never under 108° : not by 
the sides of the vessel ; for the descending current in 
one experiment was exactly in the axis : and it follows 
irresistibly, from the experiment with the slips of 
wood, that these descending currents fell equally upon 
every part of the surface of the ice ; which would have 
been impossible if these currents had been cooled by the 
side of the vessel. The hot water, then, must have been 
cooled down to 40° by the cold water below it; conse- 
quently it must have imparted caloric to this cold wa- 
ter. If so, one particle of water is capable of absorb- 
ing caloric from another ; that is, water is a conductor 
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Boo|c L of caloric. After the hot water had stood an hour oyer 

Division F, . . ' ii 

the ice its temperature was as follows : 

At the surface of the ice 40® 

One inch above the ice 80 

Two inches 118 

Three inches 12S 

Four inches 130 

Seven inches 131 

How is it possible to account for this gradual dimi- 
nution of heat as we approach the ice if water be a non- 
conductor ? The water, it may be said, gives out calo- 
ric at its surface, falls down, and arranges itself accord- 
ing to its specific gravity. * If so, how comes it that 
there is only one degree of difference between the tempe- 
rature at four and at seven inches above the ice ? Thus 
it appears that the Count’s experiment, instead of de- 
monstrating that w'ater is a non-conductor, rather fa- 
vours the supposition that it is a conductor. 

The Count tried whether oil and mercury be con- 
ductors in the following mariner: ’ Whenw^ateris frozen 
ill a gias^ jar means of a freezing mixture, he ob- 
served, tliat. the icc first begins to be formed at the 
sides, and gradually increases in thickness ; and that 
the water on the axis of the vessel, which retains its 
fluidity longest, being compressed by the,, expansion of 
the ice, is forced upwards, and w’hen completely frozen 
forms a pointed projection or nipple, which is some 
times half an inch higher than the rest of the ice. Up- 
on ice frozen in this manner he poured olive oil, pre- 
viously cooled down to 32°, till it stood at the height 
of three inches above the ice. The vessel was surround- 
ed as higb as the ice with a mixture of pounded ice and 
water. A solid cylinder of wrought iron, i’25 inch k 
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tfiamcter, and 12 Inches long, provided with a hollow Chap. IL 
cylindrical sheath of thick paper, was heated .to the ' 

temperature of 210^ in boiling water ; and being sud- 
denly introduced into its sheath, was suspended from- 
the ceiling of the room, and very gradually let down 
into the oil, until the middle of the fiat surface of the 
hot iron, which was directly above the point of the co- 
nical projection of the ice, was distant from it only ^?^ths 
of an inch. The end of the sheath descended Vw^h of 
an inch lower than the end of the hot metallic cylinder. 

Now it is evident that if olive oil be a conductor, ca- 
loric must pass down through it from the iron and melt 
the ice. None of the ice, however, was melted ; and 
when mercury was substituted for oil, the result was 
just the same 

From this experiment the Count concluded, that nei- 
ther oil nor mercury are capable of conducting caloric. 

But it is by no means sufficiently delicate to decide the 
point. If a thermometer be substituted instead of the 
nipple of ice, it always rises several degrees, as I have 
ascertained by experiment j consequently caloric passes 
downwards even in this case. The experiment, then, 
is in fact favourable to the supposition that these fiuids 
are conductors. 

Count Rumford’s experiments then do not prove his 
position that fluids are non-conductors, but rather the 
contrary. That they are all in fact conductors of calo- 
ric, I ascertained in the following manner : The liquid 
whose conducting power, was to be examined was pour- 
ed into a glass vessel till it was filled about half way ; 


♦ Rimiford, Essay vii. Part ii, chap, u 
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Book I. then a hot liquid of a less specific gravity was poured 
Divisio^ . Thermometers were placed at the surface, in 

the centre, and at the bottom of the cold liquid ; if these 
rose, it followed that the liquid was a conductor, be-»< 
cause the caloric made its way downwards. For in- 
stance, to examine the conducting power of mercury, a 
glass jar was half filled with that liquid metal, and boil- 
ing water then poured over it. The thermometer at 
the surface began immediately to rise, then the ther- 
mometer at the centre, and lastly that at the bottom^ 
The first rose to 116®, the second to 90®, the third to 
36® : the first reached its maximum in l', the second 
in 15', the third in 25'. The conducting power of wa- 
ter was tried in the same manner, only hot c^il was 
poured over it. A variety of precautions were necesr 
sary to ensure accuracy ; but for these I refer to tlie 
experiments themselves, which are detailed in Nichol- 
son’s Journal 

These experiments have been since confirmed by a 
very ingeniously contrived and convincing experiment 
made by Mr Murray. To prevent the possibility of 
any heat being conducted by the vessel, he employed ^ 
vessel of ice, which is incapable of conducting any de- 
gree of heat greater than 32®. In this vessel he made 
experiments of the same nature with those that I have 
just mentioned, and the result was the same. The ther- 
mometer constantly rose upon the application of a hot 
body to the surface of tlie liquid in which the thermo- 
^ meter was standing +. Mr Dalton has likewise pub- 
lished lately a set of experiments almost exactly of th^ 


Nicholson’s jfom'nal^ iv. 5^9, 
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same nature with mine, and with the same results 
From the date afhxed to his paper we learn, that his ex- 
periments had been made, and an account of them read 
to the Manchester Society just about the same time that 
I was drawing up an account of mine ; though they 
were not published till about two years after 

Fluids, then, as far as experiments have been made, 
are conductors of caloric as well as solids* Hence it 
follows that all bodies with which we are acquainted are 
capable of conducting caloric* 

11. If we takea bar of iron and a piece of stone of equal 
dimensions, and putting one end of each into the fire, 
apply either thermometers or our hands to the other, 
we shall find the extremity of the iron sensibly hot long 
before that of the stone. Caloric therefore is not con- 
ducted through all bodies with the same celerity and 
ease. Those that allow it to pass with facility, are call- 
ed good conductors ; those through which it passes with 
difficulty, are called bad conductors. 

The experiments hitherto made on this subject are 
too few to enable ns to determine with precision the 
rate at which different bodies conduct caloric. The 
subject, however, is of the highest importance, and de- 
serves a thorough investigation. 

12. Metals are the best conductors of caloric of all the 
solids hitherto tried. The conducting powers of all, 
however, are not equal. Dr Ingenhousz procured cy- 
linders of several metals exactly of the same size, 
and having coated them with wax, he plunged their 
ends into hot water, and judged of the conducting power 
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Oi metals. 
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of each by the length of wax-coating melted* From 
u'c:]':: e>.peritiieDts he concluded} that the conducting 
p., ' c'i s of the metals which he examined were in. the 
follov, ;ng order 
Sliver, 

Go’d, 

Copper, 7 1 1 

/ ^ ^ > nearly equal. 

Till, 3 

Platinum, 7 

Iron, I 

Stee] j>niuch inferior to the others* 

Lead. J 

13. Next to metals, stones seem to be the best con- 
ductors ; but this property varies considerably in dif- 
ferent stones. Bricks are much worse conductors than 
most stones. 

14. Glass seems not to differ much from stones in its 
conducting power. Like them, it is a bad conductor. 
Tin’s is the reason that it is so apt to crack on being 
suddenly Ik ated or cooled. One part of it, receiving or 
parting with its caloric before the rest, expands or con- 
tracts, and destroys the cohesion. 

15. Next to these come dried woods. Mr Mey- 
er f has made a set of experiments on the conducting 
power of a considerable number of woods. The result 
may be seen in the following Table, in which the con- 
ducting power of water is supposed =z 1. 


Bodies. 

Water 

Diaspyrus ebenum 


Conducting 

Power. 

= 1-00 

= 2-17 


f Jaur. ic Fhys, 1789, p, 68* 


t Ami, de Clm» Xkx* 32. 
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Bodies. 

Pyrus malus 

Fraxinus excelsior 

Fagus sylvatica 

Carpinus betulus 

Prunus domestica ......... 

Ulmiis 

Quercusrobur pedunculata 

Pyrus communis 

Betula alba 

Quercus robur sessilis 

Pinjis picea 

Betula alnus 

Pinus sylvestris 

Pinus abies * 

Tilea Europsea 


Conduaing 

Power. 

= 2*74 
= 3*08 
= 3*21 
= 3*23 
= 3*25 
=: 3*25 
= 3*26 
= 3*32 
= 3*41 
zz: 3*63 
= 3*75 
• = 3*84 
zz 3*85 
= 3*89 
. =z 3*90 


Chap. IT. 


Charcoal is also a bad conductor : According to the Charcoals 
experiments of Morveau, its conducting power is to 
that of fine sand : : 2 : 3 Feathers, silk, wool, and 
hair, are still wqrse conductors than atiy of the sub- 
stances yet mentioned. This is the reason that they 
answer w^l for articles of clothing. They do not al- 
low the heat of the body to be carried off by the cold 
external air. Count Rumford has made a very ingeni- 
ous set of experiments on the conducting power of these 
substances t- He ascertained that their conducting 
power is inversely as the fineness of their texture. 

16. The conducting power of liquid bodies has not 

. . conducting 

been examined with any degree of precision. I find powers of 

liquids. 




f FifiL Trans* 
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Division II. water, and linseed oil, are as follow : 

I. Equal Bulks, 

Water rr 1 

Mercury =z 2 

Linseed oil 1*1 11 

II. Equal Weights. 

Water rr 1 

Mercury = 4*8 

Linseed oil = 1*085 

Ofgasts. 17 . With respect to gaseous bodies, it is well known 

that bodies cool much more slowly in them than in li-r 
quids. But as the cooling of hot bodies in gases is pro- 
duced by a variety of causes besides the conducting 
power of these fluids, it is difficult to form an estimate 
of their relative intensities as conductors from the time 
that elapses during the cooling of bodies in them. 
Count Rumford found that a thermometer cooled near- 
]y four times as fast in water as in air of the same tem- 
perature ; but no fair inference can be drawn from that 
experiment, as it is known that the rate of cooling va- 
ries with the temperature much more in water than in 
air The same philosopher ascertained, that rarefac- 
tion diminished the conducting power of air, and that 
hot bodies cool slowest of all in a Torricellian vacuum. 
Mr Leslie was enabled, by the delicacy of his instru- 
ments, to examine the conducting power of gases with 


* PliiL Tram, 1786, 
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more precisiclu than had been previously done. The Chap. n. 
following are the facts which hb ascertained. 

The conducting power of all gases is diminished by 
rarefaction. He has endeavoured to deduce from his 


experiments, that the conducting power of air is nearly 
proportional to the fifth root of its. density. But Mr 
Dalton has rendered it probable that it varies nearly as 
the cube root of its density. 

Vapours of all kinds, and every thing that has a ten- 
dency to dilate air, diminish its conducting power. 

The conducting powers of common air, oxygen, and 
azote, are nearly equal. The conducting power of car- 
bonic acid gas is rather inferior to that of air ; but bo- 
dies cool in hydrogen gas more than .twice as fast as in 
common air. By analysing the process of cooling, and 
ascertaining that the radiation is the same in air arid 
hydrogen gas, Mr Leslie has rendered it probable that 
the conducting power of this |^as is four times as great 
as that of air 


Mr Dalton hasTatdy investigated the rate of cooling 
of hot bodies in different gases* He filled a strong 
phial with the gas’ to be examined ; introduced in- 
to it a delicate thermometer through a perforated 
cork, and observed the time it took to cool 15^ or 20®. 
The following Table exhibits the result of his trials t« 


Gases. 

Carbonic acid, 


Time of 
Cooling. 
112 " 


Sulphureted hydrogen,! 

Nitrous oxide^ . . . 1 0 O-f- 

Olefiant gas, I 


ljesiie*S Inquiry into tie Mature.of Heat, p. 473. 

“ DalSiOn's N'^rv System of Chgmical Philosofhyyf, 1 17- 
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Gases 

Common air, 
Oxygen, ^ . . 
Azotic gas, 

Nitrous gas 

Gas from pit-coal 
Hydrogen gas . • . . 


Time oF 
Cooling® 

100 

96 

no 

40 


SECT. III. 


OF THB EQJJAL DISTRIBUTION OF TEMPERATURE. 


Contiguous 
bodies as- 
sume the 
same tem- 
perature. 


We have seen, in the preceding Section, that caloric 
is capable of moving through all bodies, though with 
different degrees of facility. The consequence of this 
property is a tendency which it has to distribute itself 
among all contiguous bodies in such a manner, that the 
thermometer indicates the same temperature in all. 

1. We can easily increase the temperature of bodies, 
whenever we choose, by exposing them to the action of 
our artificial fires. Thus a bar of iron may be made 
red hot by keeping it a sufficient time in a common 
fire : but if we take it from the fire, and expose it to 
the open air, it does not retain the heat which it had 
received 5 but becomes gradually colder and colder, till 
it arrives at the temperature of the bodies in its neigh- 
bourhood. On the other hand, if we cool down the 
iron bar, by keeping it for some time covered with 
snowj and then carry it into a warm room, it does not 
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retain its low temperature, but becomes gradually hot- ^ Chap. lf> ^ 
ter, till it acquires the temperature of the room. Thus 
it appears that no body can retain its high temperature 
while surrounded by colder bodies, nor its low tempe- 
rature while it is surrounded by hotter bodies. The 
caloric, however combined at first, gradually distributes 
itself in such a manner, that all contiguous bodies, when 
examined by the thermometer, indicate the same tem- 
perature. These changes occupy a longer or a shorter 
time, according to the size or the nature of the body ; 
but they always take place at last. 

This law is familiar to every person. When we wish 
to heat any thing, we carry it towards the fire ; when 
we wish to cool it, we surround it by cold bodies. The 
caloric in this last case is not lost ; it is merely distri- 
buted equally through the bodies. When a number of 
substances are mixed together, some of them cold and " 

some of them hot, they all acquire the same tempera- 
ture ; and this new temperature is a mean of all the 
first temperatures of the substances. Those which were 
hot become colder, and those which were cold become 
hotter. This property of caloric has been called by phi- 
losophers the equilibrium of caloric ; but it might, with 
greater propriety, be denominated, the equal distribu- 
tion of temperature. 

2. From the experiments of Kraft and Richmann Law of the 
made with much precision, and upon a great number cSnf of^ 
of bodies, the following general conclusion has been 
drawn. When a body is suspended in a medium of 
a temperature different from its own, the difference be« 


# Nav, ’Betrep, i. 195 
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Bftok 1. tween the temperature of the body and the medium dU 
‘ rninishes in a geometrical ratio, while the time increa- 
ses in an arithmetical ratio.” Or, In given small 
times the heat lost is always proportional to the heat 
remaining in the body.” This law had been first sug- 
gested by Sir Isaac Newton, who calculated by means 
of it several temperatures above the scale of thermo- 
meters !• 

The caloric which leaves hot bodies till they are 
reduced to the temperature of the substances around 
them, is partly conducted away by the surrounding me- 
dium, partly abstracted by currents produced in that 
medium (supposing it fluid), and, in , the atmosphere^ 


f This propasltlcfti appli^rs, perhaps, strictly only to bodies cooling in 
atr. Let H be the temperature of a hot body above the atmosphere, and 
</ its loss of heat in one minute* It follows from the law stated in the 

text, that at the end of m minutes, the temperature will be H 

and at the end of n minutes h Supposing these two tempera- 

tnfes found by experiment, and that tlie first is n: A, and the second 
= B ; from these two equations we obtain 




A 


• Log. H rz! (n Log. A — m Log 


JB n—m 






j'. r zz rate of cooling zr r *t ) 


4 . w: 


Log. A — Log. H. 


Log. Log. 

Sec Nid ol8on'‘s ^ario Jour, i. l8y. 
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iplrtly iradlates from the surface of the hot hody* *lTie 
process of cooling, both in air and in water, has Been 
analysed with much address and success by Mr Leslie, 
though he has neglected to notice the labours of his 
predecessors in that investigation. The following facts 
have been ascertained. 

The effect of the conducting power depends Upon the 
medium, and is therefore constant, supposing the tem- 
peratures and the medium constan^; but it gradually 
diminishes as the temperature of the hot body approach- 
es that of the mediiim . 

The effect of radiation depends upon the surface of 
the hot bodyj and is therefore constant when the same 
surface is heated to the same degree : but, like the con- 
ducting power, it diminishes as the hot body approaches 
to the temperature of the medium.- Radiation^ being 
cx^nfined to cooling in elastic mediums^ does not Operate 
ivhen the hoi, body is surrounded by liquids^ 

That portion of the medium which is in eontact with 
the hot body receiving a certain portion of its heat, ac- 
quires a different density, and in consequence gives place 
to a new portion, which^ being heated in its turn j follows 
the preceding portion ; and in this manner a current is 
produced, which very much accelerates the rate of cool- 
ing. It is obvious, that the velocity of this current 
will be the greater the higher the temperature of the 
hot body is. Hence the effect of these artificial currents 
will diminish as the temperature of the hot body ap- 
proaches’ that of the medium. 

If these currents be artificially increased^ if is obvi- 
ous that the rate of cooling will be proportionably ac- 
celerated. Hence the effect of winds in cooling hot bo- 
dies. From Mr Leslie’s experiments it appears that^ 

P>^7 T H K 
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Book I. other things being the same, the rate of cooling is 
Division IL - proportional to the velocity of the current, or, 

which is the same thing, to the velocity with which the 
hot body moves through the cold medium. Thiib a 
hot ball, that in calm , air. cooled down a certain number 
of degrees in 120', when moved in the same air with 
different velocities, lost the same quantity of heat in 
times which diminished as the velocity increased, as 
will- be obvious from the following Table : 


Velocity. . Time of cooling. 

6y feet per second ...... £>0' 

20 ,..^.. ..30 


/'"ij , ’ Vj OO, •' •-f * " i' .. 

When the ordinary influence of coplipg is deducted, the 
acceleralion of cpqHng in rthese degrees is found to in- 
crease exactly as the velocity " 

Attemptsto As soon as it was discovered that contiguous bo- 

equlbrij'ni assume the same temperature, various attempts 
of iieat. were made by philosophers to account for the fact. De 
Mai ran, and other writers in the earlier part of the iStli 
century, explained it, by supposing that caloric is a 
fluid which pervades all space, and tliat bodies merely 
float in it as a sponge does in water, without iiaving any 
affinity for it whatever- The consequence of all this 
was a constant tendency to an equality of density. Of 
course, if. too much caloric is accumulated in one body, 
it must flow out ; if too little, it must flow in till the 
.equality of density be restored. 

This hypothesis is inconsistent with the phenomena 
which it is intended to explain. W ere it true, all bodies 



Leslie^ p. a8l« - 



TEMFERATORE* 


48S 


etight to heat and to cool with the same facility ; and Chap. H. 
the heat ought to continue as long in the focus of a 
burning glass as in a globe of gold of the saitie diame- 
ter. 'It is equally inconsistent with the nature of calo- 
ric ; which has been shown in the first Section ot this 
Chapter, to be a body very dilFerent from the hypothe- 
tical fluid of De Mairan. 

5* Another explanation of the equal distribution of Hypothesis 
temperature, and a much more ingenious one, was pro- 
posed by Mr Pictet. According to this philosopher^ 

‘When caloric is accumulated in any body, the repulsion 
between its particles is increased, because the distance 
between them is diminished. Accordingly they repel 
each other ; and this causes them to fly off in every di- 
.rectioUj and to continue to separate till thej^ are oppo- 
sed by caloric in other bodies of the same relative den- 
sity with themselves, which, by repelling them in its 
turn, compels them to continue where they are. The 
equal distribution of temperature therefore depends on 
the balancing of two opposite forces : the repulsion be- 
tween the particles of caloric in the body, which tends 
to dimmish the temperature ; and the repulsion between 
the caloric of the body and the surrounding caloric, 
which tends to raise the temperature. When the first 
force is greater than the second, as is the case when the 
temperature of a body is higher than that of the sur- 
rounding bodies, the caloric flies oiF, and the body be- 
comes colder. . When the last force is stronger than 
the first, as is the case when a body is colder than those 
whi^h are around itj the particles of its caloric are obli- 
ged to approach nearer each, othf r, new caloric enters 
to octt^py the space which they had left, at«d the body 
become^ hotter® When the two forces are equal, the 
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But this theory, notwithstanding its ingenuity, is in- 
consistent with the phenomena of the heating and cool- 
ing of bodies, and has accordingly been abandoned by 
the ingenious author himself. 

Of Prevost. 6. The opinion at present most generally received^ 
and which accounts for the phenomena in the most sa- 
tisfactory manner, is that of Prevost, first published 
in the yournai de Physique for 17^1, in an essay on tht 
eqmlihrium of caloric ; and afterwards detailed at great- 
er length in his Reedm^chm sur la Chaleur '^>^ It was 
'Soon after adopted by Mr Pictet J, and has been lately 
applied by Prevost with much address to the eaLpcrI- 
ments of Herschel and Pictet f* According to him^ 
caloric is a ducrete fluids each particle of which moves- 
with cttornious velocity when in a state of liberty* Hot 
bodies emit calorific rays in all directions j but its par- 
ticles are at such a distance from each other, that vari- 
ous currents may cross each other without disturbing 
one another, as is the case with light. The consequence 
of this must be, that if we suppose two neighbouring 
spaces in which caloric abounds, there must be a con- 
tinual exchange of caloric between these two spaces. If 
it abounds equally in each, the interchanges will ba- 
lance each other, and the temperature will continue the 
same. If one contains more than the other, the exchan- 
ges must be unequal ; and by a continual repetition of 


^ See Pictcti tur U Fey, dup^ i, 
I ^iklhtL iv. 30. 


f Geneva, 1792. 

} JP&il Tptftu rSoa, 40J* 
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If we suppose a body placed in a mediuria hotter than 
itself, and the temperature of that medium constant^ we 
may consider the -caloric of the medium as consisting of 
two parts ; one equal to that of the body, the other 
.^ual to the difference between the temperature of the 
two^ The 8rst part may he left out of view, as its ra- 
diations will be counterbalanced by those of the body* 
The excess alone requires consideration 5 and relatively 
to that excess the body is ahsdlutely oold, or contains 
no caloric whatever* If we suppose that in one second 
the body receives Tf%>th of this excess, at the end of the 
first second the excess will he only -/^ths. One tenth 
of this excess will pass into the body during the next 
second, and the excess wijl :be reduced to of or 
At the end of the third second, the excess will 
he (^) ^ ; af the end of the fourth, ; and so on : 

the time increasing in an arithmetical ratio, while the 
excess diminishes in a geometric^ f^tio^ ^according to 
llichniann’s rule. 

Such is a sketch of Prevost^s theory* It is fopnded 
altogether upon the radiation of calorie, and leaves the 
effect of the conducting power of bodies out of sight* 
The reality of the radiation cannot be doubted ; and it 
is exceedingly probable that the equal distribution of 
temperature is the consequence of it. Were caloric mere- 
ly conducted, its progress would be excessively slow, 
and indeed absolute equality of temperature would 
scarcely ever take place. At the same time, it must 
he allowed that this property of bodies has very consi- 
derable influence in regulating the time which elapses 
before the temperature of contiguous bodies is brought 
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to equality ; and in so far as Mr Prevost’s hypothest!^ 
o%^erlooks dds circumstance, which obviously depends 
upon the aflndty existing betiveen ^aloric and other bo- 
dies, it must be considered as imperfect. 


sect: IV. 

OF THE EFFECTS OF CALORIC. 

Having in the preceding Sections con'sidered the nar 
ture of caloric, the manner in which it moves through 
other bodies, and distributes itself among them ; let us 
now examine, in the next place, the effects which it 
produces upon other bodies, either by entering into 
them or separating from them. The knowledge of 
these effects we tlrall find of the greatest importance, 
both on account of Uie immeuse additional power which 
it puts into our possession, and of the facility with 
which it enables us to comprehend and explain many of 
the most important phenomena of nature. The effects 
whicli caloric produces on bodies may be arranged unr 
clertiuee heads, namely, 1. Changes in bulk; 2. Changes 
in state; and, 3. Changes in combination. Let us coor 
aider these three sets of changes in their order. 

I. Of Changes in Bulk. 

Sxpansion. It may be laid down as a general rule to which there 
is no known exception, that every addition or abstracr 
lion of caloric makes a corresponding change in the bulk 
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of tlie bod j which has been subjected to this altetation 
in the quantity of its heat. In general, the addition of 
heat increases the bulk of a body, and the abstraction 
of it diminishes its bulk ; but this is not uniformly the 
case, though the exceptions are not numerous. Indeed 
these exceptions are not only confined to a very small 
number of bodies, but even in them they do not hol&J 
except at certain particular temperatures ; while at all 
other temperatures these bodies are increased in bulk 
when heated, and diminished in bulk by being cooled. 
We may therefore consider expa7isio?i as one of the 
most general effects of heat. It is certainly one of the 
most important, as it has furnished us with the means of 
measuring all the others. Let us, in the first place, con- 
sider the 23henomena of expansion, and then turn our at- 
tention to the exceptions which have been observed. 

1. Though all bodies are expanded by heat and con- 
tracted by cold, and this expansion in the same body is 
always proportional to some function of the quantity 
of caloric added or abstracted ; yet the absolute expan- 
sion or contraction has been found to differ exceeding- 
ly in different bodies. In general, the expansion of 
gaseous bodies is greatest of all ; that of liquids is much 
smaller!, and that of solids the smallest of all. Thus, 
100 cubic inches of atmospheric air, by being heated 
from the temperature of 32 ° to that of 212 °, are in- 
creased to 13 7’ 5 cubic inches ; while the same augmen- 
tation of temperature only makes 100 cubic inches of 
water assume the bulk of 104* 5 cubic inches : and 100 
cubic inches of iron, when heated from 32 ° to 212 °, 
assume a bulk scarcely exceeding 100*1 cubic inches. 
From this example, we see that the expansion of air is 
more than eight times greater than that of water ; and the 
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Boolf L expansion of water about 45 times greater than that of 

^>ivision 11. . 

I „ iron. 

Expansion s. An accurate knowledge of the expansion of ga- 
ol gasp. jggQys bodies being frequently of great importance in 
chemical researches, many experiments have been made 
to ascertain it ; yet, till lately, the problem was un- 
lived. The results of philosophers were so various 
and discordant, that it was impossible to form any opi- 
nion on the subject. This was owing to the want of 
sufficient care in exclnding water from the vessels in 
which the expansion of the gases was measured. The 
heat which was applied converted portions of this wa- 
ter into vapour, which, mixing with the gas, totally dis- 
guised the real changes in hulk which it had under- 
gone. To this circumstance we arc to ascribe the dif- 
ference in the determinations of Deluc, General Roy, 
Saussure, Divernois, &c. Fortunately this point has 
lately engaged the attention of two very ingenious and 
precise philosophers*, and their experiments, made with 
the proper precautions, have solved the problem. The 
experiments of Mr Dalton of Manchester were read to 
the Philosophical Society of Manchester in October 
1801, and published early in 1802 To him there- 
fore the honour of the discovery of the law of the dili- 
tation of gaseous bodies is due ; for Mr Gay Lussac did 
not publish his dissertation on the expansion of the 
gases t till more than six months after. Mr Dalton’s 
experiments are distinguished by a simplicity of appa- 
ratus, which adds greatly to their value, as it puts it ia 
the power of others to repeat them without difficulty. 
It consists merely of a glass tube, open at one end, and 


• jy[4n£latfr iVlme/rx, V. 593- 








fSivided into ^qual parts; the gas to be ^xammefi Ch^. IL^ 
introduced into it after being properly dried, and^ the 
tube is filled with mercury at the open end to a given 
point ; heat is then applied, and the dilatation is bb- 
served by the quantity of mercury which is pushed out* 

Mr Guy Lussac’s apparatus is more complicated but 
equally precise ; and as his experiments were made on 
larger bulks of air, their coincidence with those of Mr 
Dalton adds considerably to the confidence which may 
be placed in the results. 

From the experiments of these philosophers it follows. The same 
that all gaseous bodies whatever undergo the same ex- ^ 
pansion by the same addition of heat, supposing them 
placed in the same circumstances. It is sufficient, then, 
to ascertain the law of expansion observed by any one 
gaseous body, in order to know the exact rate of dilata- 
tion of them all, Now, from the experiments of Gay 
LnfSac we learn, that air, by being heated from to 
212®, expands from 100 to 137*5 parts: the increase 
of bulk for 180° is then 37*5 parts ; or, supposing the 
bulk at 32° to be unity, the increase is equal to 0*375 
parts : this gives us 0*00208, or -g-g-^-th part, for the ex- 
pansion of air for 1® of the thermometer. Mr Dalton 
found that 100 parts of air, by being heated from 55® 
to 212^, expanded to 132*5 parts : this gives us an ex- 
pansion of 0*00207, or part, for 1® ; which differs 
as little from the determination of Lussac as can be ex- 
pected in experiments of such delicacy. 

From the experiments of Mr Dalton, it appears that And near!/ 
the expansion of air is almost perfectly equable ; that is 
to say, that the same increase of bulk takes place by the 
same addition of caloric at all different temperatures. 

It is true, indeed, that the rate of diminution appears to 
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diminish as the temperature increases. Thus the ex- 
Bivision IL . r 

pansion from 55^ to 133- , or for the first 77 t degrees^ 
was 167 parts ; while the expansion from 133^^ to 212®^ 
or for the next 774^*^, was only 158 parts, or nine parts 
less than the first. But this difference, in all likeli- 
hood, is chiefly apparent ; for Deluc has demonstrated, 
that the thermometer is not an accurate measure of the 
increase of heat. Indeed Mr Dalton has shown that 
the expansion of air follows a regular geometrical pro- 
gression, if we suppose that mercury expands as the 
square of the temperature from the freezing point. 

From the experiments of Gay Lussac, it appears that 
the steam of water, and the vapour of ether, undergo the 
same dilation with air when the same addition is made 
to their temperature. We may conclude, then, that all 
elastic fluids expand equally and uniformly by heat ; 
The following Table gives us nearly the bulk of a 
given quantity of air at all temperatures from 32® t© 

m oo 
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1‘emp. 

Euik, 

Temp. 

Bulk. 

1 cnip. i 


32° 

100000 


105616 

86° 

111232 

33 

100208 

60 

105824 

87 

111440 

-,4 

100416 

61 

106032 

88 

111648 

35 

100624 

62 

106240 

8.9 

111856 

3(3 

100S32 

63 

106448 

90 

112064 

37 

101040 

64 

106656 

91 

112272 

3S 

101248 

65 

1©6864 

92 

112480 

39 

101456 

66 

-107072 

93 

112688 

40 

101664 

67 

107280 

94 

112896 

4i 

101872 

68 

1074S8 

95 

113104 

42 

102080 

' 69 

107696 

96 

113312 

43 

102288 

70 

107904 

97 

113520 

44 

102496 

71 

108112 

98 

113728 

45 

102704 

72 

108320 

99 

113936 

45 

102912 

73 

10S52S 

100 

114144 

47 

' 103120 

74 

108736 

110 

116224 

48 

103328 

75 

108944 

120 

I1S304 

49 

103536 

76 

109152 

130 

120384 

50 

103744 

77 

109360 

140 

122464 

51 

103952 

78 

109,568 

150 

124544 

52 

104160 

79 

109776 

160 

126624 

53 

104368 

80 

109984 

170 

128104 

54 

104576 

81 

110192 

180 

130784 

55 

104784 

82 

110400 

190 

! 132864 

56 

104992 

S3 

110608 

200 

134944 

57 

105200 

84 

110816 

210 

137024 

58 

105408 

85 

111024 

2J2 

137440 


3. The expansion of liquid bodies differs from that of 
the elastic fluids, not onlj in quantity, but in the want 
of uniformity with which they expand when equal addi- 
tions are made to the temperature of each. This diffe- 
rence seems to depend upon the fixity or volatility of 
the component parts of the liquid bodies ; for in gene- 
ral, those liquids expand most by a given addition of 
heat, wdiose boiling temperatures are lowest, or which 
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increases 
with the 
tempera- 

iujre* 


Ijnconnect- 
tfti with 
their dcn-« 


contain in them an ingredient which readily assumeg 
the gaseous form. Thus mercury expands much less 
when heated to a given temperature than water, which 
boils at a heat much inferior to mercury ; and alcohol 
is much more expanded than water, because its bailing 
temperature is lower. In like manner, nitric acid is 
much more expanded than sulphuric acid ; not only 
because its boiling point is lower, but because a portion 
of it has a tendency to assume the form of an elastic 
fluid. This rule holds at least in all the liquids whose 
expansion I have hitherto tried. We may consider it 
therefore as a pretty general fact, that the higher the 
temperature necessary to cau^e i ligfuid to boil, the 
smaller the expansion is which is produced by the ad- 
dition of a degree of heat ; or, in other wordsy the exr 
pansibilify of liqui^is is nearly inyersely as their boiling 
temperature. 

4- Another circumstance respecting the expansion of 
liquids deserves particular attention: The expansibility 
of every one seems to increase with the temperature 5 
or, in other words, the nearer a liquid is to the tempe- 
rature at which it boils, the greater is the expansion 
produced by the addition of a degree of caloric : andj^ 
on the other hand, the farther it is from the boiling 
temperature, the smaller is the increase of bulk produ- 
ced by the addition of a degree of caloric. Hence it 
happens, that the expanrion of those liquids approaches 
nearest to equability whose boiling temperatures are 
highest; or, to speak more precisely, the ^ratip of the 
expansibility increases the more slowly the higher the 
boiling temperature is. 

5. These observations arc sufficient to show us, ths^t 
the expansion of liquids is altogether unconnected with 
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tbeir density. It depends tip<m the quantity of heat ne- Chap, n. 
cessary to cause them to hoi], and to cony^ert them into . 
elastic fluids. But we are altogether ignorant at pre- 
sent of the reason why different liquids require different 
temperatures to produce this change. 

<5. The following Table will give the reader a pre- Table of 
cise notion of the rate of expansion of those liquids 
which have been hitherto examined by chemical philo- 
sophers. :• 



Mercu- 
ry^. ' 

’Xinseed 

oilf. 

Sulphu- 
ric Acidf. 

Nitric 
Acid f. 

Water §. 

Oil of 

Turpen.t* 

Alco- 

hol^. 

32° 

100000 


— , 




. - 

100000 

40 

J00081 

— 

99752 

99514 

— 

— 

100539 

50 

100183 

— . 



100023 

100000 

101105 

00 

100304 

— 

100279 

100486 

100091 

100460. 

101688 

70 

100406 

— 

100558 

100990 

100197 

100993 

102281 

80 

100508 

— 

100806 

101530 

100332 

101471 

102890 

90 

100610 


101054 

102088 

100694 

101931 

103517 

100 


102760 

101317 

102620 

100908 

102446 

104162 

110 

100813 


101540 

103196 

— 

102043 

— 

120 

100915 

— 

101834 

103776 

101464 

103421 

— 

130 


— 

102097 


— 

103954 

— 

140 


— 

102320 

105132 

— 

104573 

— 

150 


— 


— 

102017 


j — 

160 

101322 

— 

102893 

— 

— 


— 

170 

101424 

— ^ 

103116 

— 

— . 

— 



180 

101526 

! — . 

103339 

— 

— 

. — 

- 

190 

101628 

— 

1035S-J 

— 

1103617 

— 

— 

200 

101730 

— 

103911 

— 

j — 

— 

— . 

212 

101835 


— 

— 

'104577 

— 

— 


^ This 11 the result of De Luc’s experiments. Philosophers have 
given very different statements of the expansion of mercury from 3^^ 
.t& 21%^. According to General Roy it is o*oi6S. Haeilstrocm makcfi 
it 0*917523 (^Gilbert’s Annuls. Ja' 107). Lalaude afhaa.» 
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7. Mr Dalton has rendered it probable that the ex- 
pansion of water and mercury is as the square of the 
temperature of each, reckoning from, their respective 
freezing points. He finds, if this law be supposed, that 


that the experiments of Delisle and his own make it O'Oijo (Ibid. p. 
102.) Mr Deluc has shown, that the expansion of mercury from 32° to 
3 22*^ is to its expansion from 122^ to the temperature of boiling water as 
24 to 15. . . % 

f 'Fhe expansion of linseed oil was determined by Sif|Isaac Newton. 

I I'lie expansion of these three liquids is given from tny experiments^ 
They were made by filling thermometers with the liquids, and noting 
down the degrees at which the liquids stood at the d^ar^t tempera- 
tures nmrkecl. The weight of liquid equivalent to one deg^'ee of the 
tube was then ascertained, and the weight of the whole liquid whose ex- 
pansion was tried. From these data, it was easy to ascertain the rate of 
expansion. The degrees were marked corresponding to a good mercu- 
rial thermometer. But as the expansion of mercury is not equable, it is 
obvious that the numbers gradually deviate from accuracy in proportion 
to the temperature. It was the consciousness of this that induced me to 
omit the higher parts of the scale altogether. The correction for the ex- 
pan.sion of the gliuss was not inserted. ^ 

^ The expansion of these liquids was ascertained by Sir Charles Blag- 
den and Mr Gilpin. My e.xpcrimenrs give the expansion of both consi- 
derably less. I'hus I f .‘UikI die expaiu.ion of W'uter as follows ; 


Temp, 

Expansion. 

lomp. 

Exp.inhinn. 


I 00000 

H2* 

: 00777 

srs 

100030 

122*5 

101C.06 

62-5 

I 60106 

I . 3 ^‘5 

lOI i'.'O 

73*5 

1001S2 

142*5 

101495 

82*5 

10027.3 

l.‘i2*5 

IOT 755 

9^*5 

500471 

162*5 

1 02040 

102*5 ! 

100674 

172*5 

10226 


Tlie strength of the alcohol in the Tabic was o B25. .Vlr Dalton found 
sooo parts of alcohol of 0-817 at- 30*^ became 1039 no", and 1079 at 
lyo". The expansion diminishes when, the alcohol is made weaker, 

Mr Dcliic, by mixing together equal quantities of water at 32° and 
boiling water, ascertained the medium temperature between that of 
boiling aud freezing water. Suppose the whole expansion from the 
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the expansions of water and mercury correspond. Chap. ir. 
Hence he infers that all liquids follow the same law, or 
that they expand as the square of the temperature from 
the freezing point of each 

S. The expansion of solid bodies is so small, that a Expamion 
micrometer is necessary to detect the increase of bulk, of solids. 
As far as is known, the expansion is equable, at least 
the deviation from perfect equality is insensible. The 
following Table exhibits the expansion of most of the 
solids which have hitherto been examined. Most of 


the experiments were made by Smeaton. 



temperature of freezing water to that of boiling water to he divided 
into 8o parts; he found that the expansion from to that medium 
temperature (which would be if the expansion of mercury were 
equable), and from that temperature to that of boiling water, indiiTerent 
liquids, to be asiollowa : 

From to From M. Temp. „ . 

M. 'I cnip. to boiling Water. ^ 

Mercury 38-6 41-4 14 : 15 

' Olive and linseed oil ... . 37-8 42‘2 ^ 3 ‘ 4 ‘ 

Oil of camomile 37*2 42*8 13 : i j 

Water saturated with salt 34*9 45*1 ...... II-6 : 

Rectified Sidrit of wine . . 337' 46*3 10*9 : 15 

Water 19*2 60*8 47 ^ ^5 

.§ A>w of Chemical Philosophy, p, 10. 

^ Borda. ^ Bougucr. 

f The expansion of blistered steel from 32° to was found by 
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cifghss. 


Temp. 

Brass 

Wire 

Tin. 

Lead. 

Zinc. 

Hammer- 
ed Zinc. 

212 

100000 

100194 

100000 

100238 

IQOOOO 

100287 

100000 

100296 

100000 

100308 


Femp. 

Zinc 8 
Tin 1 

Lead 3 
Tin I 

Brass 3 
Zinc I 

Pewter. 

Copper 3 
Tin* I 

32° 

212 

100000 

100259 

lOOOOQ 

100251 

100000 

10020^ 

100000 

100228 

100000 

100182 


The expansion of glass is a point of great importance^ 
as it influences the result of most experiments on tem-f 
peratui^e. It has been examined with muqh precision 
by Mr Deluc. The rate of its expansion, ais settled by 
that philosopher, may be seen in the following Table ; 


Temp* 

Bulk. 

Temp. 

Bulk- 

Temp. 

Bulk. 

32 ° 

100000 

100° 

100023 

167 ° 

100056 

50 

100006 

120 

100033 

190 

100069 

70 

100014 

150 

100044 *’ 

212 

100083 


From this Table, it appears, that when glass is heat« 
ed one degree, it undergoes an expansion which amounts 


Smeaton 100115. Gen. Roy found that of a steel rod I-OOI1499. By 
the late very preehe trials of Mr Dalby, 100 feet of blistered steel 
.panded 0'00749a inches when heated 1® of Fahrenheit. Fbih Trans^ 

2795>P-4aS. 

t Ramsden. } Herbert. 

jj Ramsden found the expansion of a brass scale from 33® to aaa®, 
0*033x646 ; of English plate brass, in f(3rm of a rod, 0*0337136 ; of the 
same in form of a trough, 0*0337386. The original bulk being 13*0000.' 

^ Theliictal whose expansion is here given was an alloy composed of 
three parts of copper one of tin. The %ures in some of the ptcck» 
ding columns arc to he imdcrstood In the same manner. Thus in the 
last column but two, the metal - contested of two pans.pf hsass albyed- 
with one of zinc. 




EXPANSION. 

nearly to of the whole bulk. The glass exa- 

mined by Deluc was of the kind employed for making 
barometer and thermometer tubes. But the expansion 
of this substance must vary considerably according to 
circumstances. Thus a solid glass rod expanded, ac- 
cording to Ramsden, 0’0096944 when heated from 32 ° 
to 212°, and a glass tube 0 * 0093138 . Smeaton found 
a barometer tube, exposed to the same degree of heat, 
0*0100^. The original bulk in these was 12*000. Mr 
Dalton has rendered it probable that thin glass bulbs 
expand nearly as much as iron when heated. 

9 . The property which bodies possess of expanding, 
when heat is applied to them, has furnibhed us with ah 
instrument for measuring the relative temperatures of 
bodies. This instrument is the ther??iometer. A ther- 
mometer is merely a hollow tube of glass, hermetically 
sealed, and blown at one end into a hollow globe or 
hulb. The bulb and part of the tube are filled with 
mercury. When the bulb is plunged into a hot body, 
the mercury expands, and of course rises in the tube 5 
but when it is plunged into a cold body, the mercury 
contracts, and of cour.;e falls in the tube. The rising 
of the mercury indicates an increase of heat ; its falling 
a diminution of it ; and the quantity which it rises and 
falls indicates the proportion of increase or diminution. 


On, the supposition that metals expand equably, the expansion of a 
mass of metal, by being heated a given number of degrees, is as follows s 
X,et a == the expansion cf the mabs in length for lO, which must be found 
by experiment ; b = the number of degrees whose expansior is required; 
s =* the solid contents of the metallic mass ; »= the expansion sought ; 
then X = b a s. 

VoL 1. i i 
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To facilitate observation, the tube is divided into a- num* 
her of equal parts called degrees. 

The thermometer, to which we are indebted for al« 
most ail the knawledge respecting caloric which we 
possess, was invented about the beginning of the 17th 
century ; and is supposed by some to have been first 
thought of by Sanctorio, the celebrated founder of sta- 
tical medicine. The first rude thermometer was impro- 
ved by the Florentine academicians and by Mr Boyle 
but it was Sir Isaac Newton who rendered it really use- 
ful^ by pointing out the method of constructing ther- 
mometers capable of being compared together* 

If we plunge a thermometer ever so often into melt- 
ing snow, it wiffi always stand at the same point* Hence 
we learn that snow always begins to melt at the same 
temperature. Dr Hooke observed also> that If we plunge 
a thermometer ever so often into boiling water, it al- 
ways stands at the same point, provided the pressure of 
the atmosphere be the same ; consequently water (other 
things being the same) always boils at the same tempe- 
rature. If therefore we jdunge a new made thermo- 
meter into melting snow, and mark the point at which 
the mercury stands in the tube ; then plunge it into boil- 
ing water, and mark the new point at which the mer- 
cury stands ; then divide the portion of the tube between 
the two marks into any number of equal parts, suppose 
100, calling the freezing point 0, and the boiling point 
100 ; — every other thermometer constructed in a simi- 
lar manner will stand at the same degree with the 
first thermometer, when both are applied to a body of 
the same temperature. All such thermometers there- 
fore may be compared together, and the scale may be^ 
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i^it^ndedr to any length both above the boiling point and 
below the freezing point. 

Newton first pointed out the tnethod of making com- 
parable thermometers* ; but the practical paft of the art 
was greatly simplified by Mr Fahrenheit of Amsterdam 
and Dr Martine of St Andrew’s f* From the different 
methods followed By philosophical insttumeht makers 
In determining the boiling pointy it was found, that 
thermometers Very seldom agreed with each other, and 
hat they often deviated several degrees from the truth. 
This induced Mr Cavendish to suggest to the Royal 
Society the importance of publishing rules for construct- 
ing these very useful ihstruments; A committee of 
:he society was accordingly appointed to consider the 
subject* This committee published a most valuable 
set of directions, which may be consulted in the Philo- 
sophical Transactions J., The most important of these di- 
pections Isj to expose the whole of the tube sts tvell as the 
ball of the thermoinetef* to steamy when the boilihg wa- 
ter point is to be determined. They recommend thii" 
to be done when the barometer stands at inches. 

Mercury is the liquid tvhich answers best for ther^ 
mometers^ because its expansion is most equable^ owing 
to the great distance from its boiling and freezing points. 
There are four different thermometers used at present 
in Europe, differing from one another in the number of 
iegrees into which the space between the freezing and 
boiling points is divided* These are Fahrenheit’s, Cel^ 
sins’ s, Reaumur’s, and De Lisle’si 
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Blderent 

thennom«< 

tm 


^ PiiL Trans* Abr. iv. i. 

•f On the Construction and Graduation of TheTmomtUts^ 
I Phih Trans* 1777. Si 6. 
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FalirenlieJt’s thermometer is used in Britain. The 
spricc between the boiling and freezing points is divided 
into I ; but the scale begins at the temperature pro- 
duced by mixing together snow and common salt, which 
is 32® below the freezing point; of course the freezing 
point is marked 32®, and the boiling point 212® 

The thermometer of Celsius is used in Sweden ; it 
has been used also in France since the Revolution, un- 
der the name of the thmnometre centigrade^ In it the 
space between the fretzing and boiling points is divided 
into 100®. The freezing point is marked 0, the boiling 
point 100® t* 

The thermometer known by the name of Reaumurj, 
which was in fact constructed by De Luc, was used in 
France before the Revolution, and is still used in Italy 
and Spain, In it the space between the boiling and 
freezing points Is divided into 80°. The freezing point 
is marked 0, the boiling point SO”* 

De Lisle’s thermometer is used in Russia. The space 
between the boiling and freezing points is divided into 
150® ; hut the graduation begins at the boiling point. 


f 'fliift m the thermomerer ulwayn used throughout this Work, unless 
when somcorlier h particularly nurntioned. 

I Couiciiueiitly the degrees of Fuhrcuheit are to those of Celsius, ai 
I He : 100 xH : to ■*-: y ; 5. That is, 9*^ of Fahrenheit are equal to 

of Cclhiui. Therefore, to reduce the degrees of Celsius to those of 

Fahnnhcit,wchavc F ^ +3^* 


I Consequently 180 F 





So R, or 18 F «« 8 R, or 9 F 4 R ; there- 


fore F 
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uni increases towards the freezing point. The tolling 
point is marked 0, the freezing point 150'^ 

10. In making experiments with the thermometer, 
we ought always to remember that, when graduated in 
the common way, it does not give us an exact measure 
of the increase of heat : For as the expansion of mercu- 
ry for every degree of temperature increases with the 
temperature, it is obvious that, unless allowance be 
made for that increase, the degree indicated by the ther- 
mometer will not mark the number of degrees of heat 
added to or abstracted from a body, but another number, 
deviating more and more from the true one’ tile higher 
the temperature indicated happens to be. Thus sup- 
pose the medium temperature between tjhat of boiling 
and freezing water to be denoted by 122^ ; if w^e ex- 
tend the scale upw^ards, the boiling w^ater point will not 
be 212^, as it would be if the scale were equable," blit 
218*4®; On the other hand, if we fix the boiling and 
freezing points, as is commonly done, and ‘mark them 
212® and 32®, then the medium temperature bkween 
these two will not be 122®, but 118*8®. ' 

If Mr Dalton’s opinion, that the expansion of mer- 
cury is as the square of the temperature, rOckOhing from 
its freezing point, be correct, it is obvious, that the ther- 
mometer, to indicate equal measurements of tempera- 
ture, ought to be graduated differently j the present de- 


Chap. IT. 


Does not 
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* Hence i8o F =: 150 D, or 6 F = 5 D. To reduce the degrees of 
Be Lisle’s thermometer under the boiling point to those of Fahrcnheitj 
6D 

5 ' 

6 D 


we have F = 21S — - 


to reduce those above the boiling point, F 


z 1 a + 
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Boot I. gree$ are too large at the beginning of the scale, and too 
pivision ir. upper extremity. The following Table 

shows the degrees of Mr Dalton’s new thermometer cor- 
responding with those of the common, supposing tho 
freezing point to be and the boiling water point 
to be 212®. 


palcon'f New therm. Com. therm. New therm. Com. therau 
new gradu* 

adon. —-Its® ,.•••• r—40*p0 172 ...... 163*2 

— 68 — 21*12 182 175 — 

— 58 — 17*06 192 ...... 186*9 

r- 48 ...... .^12*96 202 ...... 199*2 

— 38 — 8*52 212 ...... 212 

—28 — 3*76 222 ...... 225 

— 18 +1*34 232 ...... 238*6 

— 8 6*78 242 252*6 

+ 2 ..... . 12*63 252 ...... 266'8 

12 ...... 18*74 262 281*2 

22 25*21 272 ...... 296*2 

32 32 282 ...... 311*5 

42 39*3 292 327 

52 - ...... 47 — 302 342-7 

62 55 — 312 359-2 

72 ...... 63*3 322 375*8 

82 72— 332 392-7 

92 31 342 409-8 

102 ...... 90*4 352 427*3 

112 100*1 362 445-3 

122 110— 372 ...... 463-6 

132 120*1 382 ...... 482*2 

142 130*4 392 501 

152 141*1 402 520*3 

162 152— 412 539*7 
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Hew therm. Csm. therm. New therm. Com. thorn Clxap. If. 

422 559*8 452 621*6 '-’-•V— 

432 580*1 462 ...... 642 

442 600*7 


11.. Having now considered the phenomena and laws Exceptions 
•of expansion as far as they -are understood, it will be 
proper to state the exceptions to this general e^ct of 
heat, or the cases in which expansion is produced, not 
by an increase, but by a diminution of temperature* 

These exceptions may be divided into two classes^ The Of two 
first class comprehends certain liquid bodies which have 
a maximum of density corresponding with a certain, 
temperature ; and which, if they be heated above that 
temperature, or cooled down below it, undergo in both 
cases an expansion or increase of bulk. The second 
class comprehends certain liquids which suddenly be- 
come solid w'hen cooled down to a certain tempera- 
ture ; and this solidification is accompanied by an in- 
crease of bulk- 

12, Water is considered at present, by the greater x. Water 
. Ill max- 

number of chemists, as furnishing a remarkable exam- imumdensL- 

ple of the first class of bodies. This liijnid is supposed 
to be at its maximum of density when nearly at the 
temperature of 40 ®. If it be cooled down below 40®, 
it expands as the temperature diminishes ; if it be heated 
above 40®, it in like manner expands as the tempera- 
ture increases. Thus two opposite effects are produ- 
ced by heat upon water, according to the temperature 
of that liquid. From 40'=' to 32®, and downwards, heat 
diminishes the hulk of water; but from 40®, to 212®, 
and upwards, it increases its bulk. Such is the opi- 
nion at present received by most persons, and which 
is considered as the result of the most exact expeii« 

mentSo 
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The facts which led to this conclusion were first 
served bj the Florentine academicians. An account 
of their experiments was published in the Philosophical 
Transactions for 1670*. They filled with water a 
glass bali^ terminating in a narrow graduated neck, and 
plunged it intc^ynixture of snow and salt. The water 
started suddenly up into the neck, in consequence of the 
construction of the vessel, and slowly subsided again 
ks the cold affected it. After a certain interval it began 
to rise again, and continued to ascend slowly and equa« 
bly, till some portion of it shot into ice, when it sprung 
up at once with the greatest velocity. The attention 
of the Royal Society was soon afterwards called to this 
remarkable expansion by Dr Croune, who, in 1683, 
exhibited an experiment similar to that of the Floren- 
tine philosophers, and concluded from it, that w^ater be- 
gins to be expanded by cold at a certain temperature a- 
bOve the freezing point. Dr Hooke objected to this 
conclusion, and ascribed the apj^arent expansion of the 
watdr to the contraction of the vessel in which the ex- 
periment was made. This induced them to cool the 
glass previously in a freezing mixture, and then to fill 
it with water. The effect, notwithstanding this pre- 
caution, Was the same as before f . Mr De Luc was the 
first who attempted to ascertain the exact temperature 
at which this expansion by cold begins. He placed it 
at 41^, and estimated the expansion as nearly equal, 
when water is heated or cooled the same number of de- 
grees above or below 41^. He made his experiments 


^ Pl‘iL Trans. No. 66- or voL v. p. %o%:u Auvygcmmf^ i. 540., 
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In glass thermometer tubes, and neglected to make the 
Correction necessary for the contraction of the glass , 
but in a set of experiments by Sir Charles Blagden 
and Mr Gilpin, made about the year I’lOO, this cor- 
rection was attended to. Water was weighed in a glass 
bottle at every degree of temperature 32° to 100®, 
and its specific gravity ascertained, ^They £xed the 
matimum of density at 39°, and found the same ex- 
pansion very nearly by the same change of tempera- 
ture either above of below 39°. ThC following Table 
exhibits the bulk of water at the corresponding degrees 
on both sides of 39°, according to their experiments^. 


Specific Gra- 

Bulk ofWa- 

Tempera- 

Bulk of Wa- 

Sp. Gravity 

vity. 

ter. 

ture. 

ter. 

of Ditto. 


100094 

39 

1-00094 


1-00000 

94 

38 

40 

94 

1-00000 

0-99990 

93 

37 

41 

93 

0-99999 

0-99998 

92 

36 

42 

92 

0-99998 

0-99996 

90 

35 

43 

90 

0-99996 

0-99994! 

88 

34 

44 

88 

0-99994 

0-99991 

85 

33 

45 

86 

0-99992 

0-99988 

^ 82 

32 

46 

83 

0-999S9 


Mr Dalton, in a set of experiments published in 1802, 
obtained nearly the same result as De Luc. He placed 


^ T roTis, 1792, p. 4^8. 
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the maximum density at 42*5^, not making any corrcc* 
tion for the contraction of the glass ; and observed, as 
Blagden had done before him, that the expansion is the 
same on both sides of the maximum point, when the 
change of temperature is the same, and continues how- . 
ever low down the water be cooled, provided it be not 
frozen* , ‘ 

All these experiments had been made by cooling 
water in glass vessels; but when the French were 
forming their new weights and measures, the subject 
was investigated by Lefebvre-Gineau in a different 
manner. A determinate bulk of water at a given tem- 
perature was chosen for the foundation of their weights. 
To obtaia it, a cylinder of copper, about nine French 
inches long, and as many in diameter, was made, and 
its bulk measured with the utmost possible exactness ^ 
This cylinder was weighed in water of various tempe- 
ratures. Thus was obtained the weight of a quantity 
of water equal to the bulk of the cylinder ; and this, 
corrected by the alteration of the bulk of the cylinder 
itself from heat or cold, gave the density of water at 
the temperatures tried. The result was, that the densi- 
ty of the water constantly increased till the tempera- 
ture of 40°, below which it as constantly diminished f. 
These experiments seem to have been made about the 
year 1795. More lately a set of experiments were 
tried by Haellstroem exactly in the same way 5 but 
he substituted a cylinder of glass for the one of metal. 
l^hG result which he obtained was the same. The ne- 


^ Manchester Mem, v. 374. 
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cessary corrcctians being made, he found the msiximum 
density of water lie between 4° and 5® of Celsius, ox 
nearly at 40^ of Fahrenheit J. 

Still more lately, a set of experiments have been pub« 
iished by Dr Hope, which lead to the same result in a 
different way. He employed tall cylindrical glass jars 
filled with water of different temperatures, and having 
thermometers at their top and bottom. The result was 
as follows ; 1. When water was at and exposed to 
air of 61<^,the bottom thermometer rose fastest till the 
water became of 38®, then the top rose fastest^ Juat 
the reverse happened when the water wa$ 5:>®, and ex- 
posed to the cold water surrounding the vessel ; the 
top thermometer was highest till the water cooled down 
to 40®, then the bottom one was highest. Hence it was 
inferred, that water when heated towards 40® sunk down, 
and above 40® rose to the top, and vice 2. When 

a freezing mixture was applied to the top of the glass cy- 
linder (temp. of air 41®), and continued even for se- 
veral days, the bottom thermometer never fell below 
39® ; but when the freezing mixture was applied to the 
bottom, the top thermometer fell to 34® as soon as the 
bottom one. Hence it was inferred, that water when 
cooled below 39® cannot sink, but easily ascends. 3* 
When the water in the cylinder was at 32®, and warm 
water applied to the middle of the vessel, the bottom 
thermometer rose to 39® before the top one was affected ; 
but when the water in the cylinder was at 39*5®, and 
cold was applied to the middle of the vessel, the top 
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thermometer cooled down to 33^ before the bottom one 
was aiFected 

Count Rumford has lately published a set of experi- 
ments conducted nearly on the same principles with 
those of Dr Hope, and leading to the same results. 
They are contrived with his usual ingenuity ; but as 
they are of posterior date, and add nothing to the facts 
above stated, I do not think it necessary to detail themf . 
Dr Hope’s experiments and those of Count Rumford 
coincide with those above related, in fixing the maxi- 
mum density of water at between 39^ and 40^. 

Such are the experindents upon which the belief of this 
remarkable property of water is founded, and they seem 
at first sight to leave no doubt respecting its reality. 
Doubts, however, have been entertained by men of 
acknowledged candour and capacity V and it will now be 
necessary to state the grounds upon which these doubts 
have been founded. 

Liquids, as is obvious from the preceding part of 
this Section, expand when heated at a much greater rate 
than solids. It has been the opinion' of many philoso- 
phers, that the expansion of liquids is proportional to 
the squares of the temperatures measured from the free- 
zing point of each ; and that the deviations from this 
law are only apparent, and owing to the thermometer 
not being an exact measurer of the increase of heat. 
Among . others, Mr Dalton has stated this opinion as 
coinciding with his experiments, and Mr Leslie has 
made it the foundation of some of his mathematical 


See Edin, Trans, vol. vi. The paper was published before October 

i,3o4. 
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reasonings, without aftj explanation whatever of the 
grounds of his conviction of its truth. On the other 
hand, the expansion of solids is sensibly only propor- 
tional to the temperature, setting out from any given 
point. When cold is applied to solids and liquids, 
their contractions will follow the same rate as their ex- 
pansions Bat as the diminution of bulk, when cold 
is applied to water, is as the difference between the 
squares of the temperatures, and the diminution of so- 
lids simply as the difference of the temperatures, it is 
obvious, that the contraction which water experiences 
when cooled a degree is constantly diminishing as we 
approach the freezing point, while that of solids conti- 
nues sensibly the same. Therefore, at some particular 
point, the contraction of water will be precisely equal 
to the contraction of a given solid, and below that 
point, the contraction of the solid will be greatest. Sup- 
pose water to be exposed to cold in a glass ball and tube. 


Chap. IL 


* With respect to the expansions of water, it certainly follows, pretty 
nearly at least, the law stated in the text. From the table given in page 
494, it appears that the expansion of water, the original bulk being 
loooo, may be expressed pretty nearly by the following numbers : 


Temp. 

Expan, 

. . 

. . 6^ 

102*5° . . 

. . 8^ 

122*5° • • 

. . lo- 

142 * 5 ° . • 

. . 12® 

162*5° * • 

. . 14 ^ 


The greatest deviation from these numbers is towards the beginning oi 
the scale, when, owing to the smallness of the*expansion, it is difficult to 
measure it with precision. It leads us to this remarkable conclusion, 
that the squares ol the natural numbers beginning at 6 indicate' the in- 
crease of bulk which loooo parts of water experience for every ten de- 
crees they are heated above 85*5^' 
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Book I. it will continue to sink in the tube as long as the coti.^ 
traction which it suffers bj cooling is greater than that 
of the glass 5 but when it comes to the point at which 
the contraction of both is the same, it will not sink 
farther though cooled, because the diminution of bulk 
in the water will be just counterbalanced by the con* 
traction of the vessel- When we pass that point, the 
water will rise in the tube by the application of cold^ 
because the cpntractiori of the glass will now surpass 
that of the water. The rise of the water then may be 
only apparent, and occasioned by this cause ; but an 
easy method occurs to ascertain the point. Make the 
experiment in vessels of different kinds, which are dif- 
ferently contracted by heat, the point of the greatest 
density of the water ought to vary with the vessel* 
This accordingly has been done by Mr Dalton. The 
following Table exhibits the result of his experiments* 
The first column contains the substances in which the 
water was contained, and the second the degree of the 
thermometer at which the water began to rise when 
cooled in these substances, or its apparent point of great* 


cst density. 

Brown earthen ware 38° 

Queen^s ware..... 40 

Flint glass.. 414* 

Iron.... 42x 

Tinplate 424- 

Copper ....454- 

Brass ......46 

Pewter ...........40 

Zinc....'.,....*,.,,,... 48 

Lead .494* 


These experiments coinciding with what would bappfe» 
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if the snpposed expan^on of water were only appar^t, ^ Chap. IL ^ 
have been considered by Mr Dalton as decisive of the 
point; and Mr Leslie has advanced a similar opinion. 

This coincidence, however, is merely apparent. If we But this 
calculate, from the table of expansion given in a pre- co^rfoAt 
ceding part of this Section, the temperatures at which 
the expansion of the various bodies in the table coin- 
cide with the expansion of water, we obtain the follow- 


ing results ; 





Lowest Point 
by Calculation. 

I>o. by Dalton’s 
Experiments. 

Difference. 

Glass. • • 

• . • • 41 * 5 • . * 

..♦'.41 5.... 

• . 0 



« . • « 42*5 . » . « 

• . 3.5 

Copper. 


.•«.4S 5.... 

.. 6-5 

Brass • . , 

54 •*. 


. • 8 

Pewter. 


# # # # ^ ft % # 

. . 13 

Xi^ead • . 4 

1 « . . *64 . . • 

.«*.4Q 5>.... 

..14-5 


The glass indeed coincides with Mr Dalton’s experi- 
ments, but the other bodies deviate as their expansion 
increases. This destroys all the consequences that have 
been drawn from similar experiments, and points out, 
besides, some error in the data from which the calcula- 
tions were drawn. The error no doubt consists in 
setting out from the supposition that water expands 
from the freezing point. 

The experiments of Lefebvre-Gineau and Haell- 
stroem, above related, were in some measure free from 
the uncertainty resulting from the contraction of the 
vessels in which the bulk of the water was estimated. 
The copper cylinder, weighed by the former, was hol- 
low, and every possible precaution 'was taken to esti- 
mate the change of bulk occasioned by heat cold ; 
and as the instruments were delicate, and the object of 
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great importance, it seems unreasonable to conclude 
that he allowed himself to be deceived. 

The experiments of Dr Hope and Count Rumford 
appear at first sight to lead to the same result in a still 
less ambiguous manner ; but it must be acknowledged 
that there are circumstances connected with them suf- 
ficiently puzzling. I shall mention one. If different 
strata of coloured watery liquids be put into tall glass 
jars, they will remain separate, if not agitated (as Count 
Rumford himself observed long ago), for at least a 
month, notwithstanding all the vicissitudes of tempera- 
ture to which they are exposed ; vicissitudes often great- 
er than those to which the liquids were exposed in the 
trials of Dr Hope and Count Rumford. Now, how 
can the currents, which their experiments indicate, take 
place without mixing these strata together in the course 
of a few hours ^ This is a difficulty which I at least 
have not been able to solve in a satisfactory manner. 

Mr Dalton has lately reconsidered the subject, and 
has shown by arguments, which to me appear convin- 
cing, that the real temperature at which the density of 
water is a maximum is 36 ®. Thus the singular ano- 
maly of the expansion of water by cold seems to be 
completely made out ; but no satisfactory explanation 
of the cause of this expansion has been yet offered. 
We might ascribe it to a commencement of congelation, 
were it not that in glass tubes water may be cooled 
down almost to zero before it begins to freeze, and du- 
ring the whole progress it expands with the utmost re- 
gularity. 

I tried a considerable -number of liquids, to ascertain 
whether any of them, like water, have a temperature 
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which their density is a maximum, and which expand 
when cooled below that temperature. Sulphuric acid 
has no such point, neither have the oily bodies ; but I 
thought I could perceive some solutions of salt in wa- 
ter beginning to expand before they became solid. But 
these solutions, when cooled down sufficiently, crystallize 
with such rapidity, that it is extremely difficult to be 
certain of the fact, that they really do begin to expand 
before they crystallize i 

13. That class of bodies which undergo an expansion 
when they change from a liquid to a solid body by the 
diminution of temperature, is very numerous. Not 
only water when converted into ice undergoes* such an 
expansion, but all bodies which by cooling assume the 
form of crystals. 

The prodigious force with which water expands in 
the act of freezing has been long known to philosophers. 
Glass bottles filled with water are commonly broken in 
pieces when the water freezes. The Florentine acade- 
micians burst a brass' globe, whose cavity was an inch in 
diameter, by filling it with water and freezing it. The 
force necessary for this effect was calculated by Muschen- 
broeck at 27720 lbs. But the most complete set of 
experiments on the expansive force of freezing water 
are those made by Major Williams at Quebec, and pub- 
lished in the second volume of the Edinburgh Transac- 
tions. This expansion has been explained by supposing 
it the consequence of a tendency which water, in con- 
solidating, is observed to have to arrange its particles in 
one determinate manner, so as to form prismatic crys- 
tals, crossing each other at angles of 60^ and I20°« 
The force with which they arrange themselves in this 
manner must be enormous, since it enables small quan- 
Fbl.L Kk 
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u--.-y— I tried various methods to assertain the specific 
gravity of ice at 32^^ ; the one which succeeded best 
was, to dilute spirits of wine with water till a mass o£ 
solid ice put into it remained in any part of the liquid 
wdthoiit either sinking or rising. I found the specific 
gravity of such a liquid to be 0*92 ; which of course is 
the specific gravity of ice, supposing the specific gravi- 
ty of water at 60® to be 1. This is an expansion much 
greater than water experiences even when heated to 
212°. We see from this, that water, when converted 
into ice, no longer observes an equable expansion, but 
undergoes a very rapid and considerable augmentation 
of bulk. 

The very same expansion is observed during the 
crystallization of most of the salts ; all of them at least 
which shoot into prismatic forms. Hence the reason 
that the glass vessels in which such liquids are left 
usually break to pieces when the crystals are formed. 
A nsimber of experiments on this subject have been pub- 
lished by Mr Vauquclin 

Several of the metals have the property of expanding 
at the moment of their becoming solid. Reaumur was 
the first pliilosopher who examined this point. Of all 
the metallic bodies that he tried, he found only three that 
expanded, while all the rest contracted on becoming so- 
lid. These three were, bismuth y and antzmo- 

njj'. Hence the precision with which cast iron takes 
the impression of the mould. 


^ A'lr. de Chim. '^Iv. 2 jS6. 

f Pi?r. 17:^6. Berthollet’s Staii^ne Chimique^ ii. 34^:, 



EXPAKSIOJT. 


515 


This expansion of these bodies cannot be considered 
as an exception to the general fact, that bodies increase 
in bolk when heat is added to them ; for the expansion, 
is the consequence, not of the diminution of heat, but 
of the change in their state from liquids to solids, and 
the new arrangement of their particles which accompa- 
nies or constitutes that change. 

14. It must be observed, however, that all bodies do 
not expand wdien tliej become solid. There are a con- 
siderable number which diminish in bulk ; and in these 
the rate of diminution in most cases is rather increased 
bj solidification. When liquid bodies are converted into 
solids^ they either form prismatic crystals, or they 
form a mass in which no regularity of arrangement can 
be perceived. In the first case, expansion accompanies 
solidification ; in the second place, contraction accom- 
panies it. Water and all the salts furnish instances of 
the first, and tallow and oils are examples of the second. 
In these last bodies the solidification does not take place 
instantaneously, as in water and salts, but slowly and 
gradually ; they first become viscid, and at last quite 
solid. Most of the oils, when they solidify, form very 
regular spheres. The same thing happens to honey 
and to some of the metals, as mercury, which Mr Ca*» 
veiidish has shown from his own experiments, and those 
of Mr Macnab, to lose about ^-^d of its bulk in the act 
of solidification When sulphuric acid congeals, it 
does not perceptibly expand, nor does it ill the least 
altei: its appearance. Sulphuric acid, of the specific 
gravity 1*8, may be cooled down in thermometer tubes 
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to — 36® before it freezes j and during the whole pfbw 
cess it follows exactly the rate of expansion given im 
the table of expansions. At — 36°, or about that tem- 
perature, it freezes ; but its appearance is so little altered,, 
that I could not satisfy myself whether or not the liquid 
was frozen till I broke the tube. It was perfectly so- 
lid, and displayed no appearance of crystallization*. 
On the other hand, cast iron, and probably sulphur also, 
expands, in the act of congealing* 


II. Changes in the State of Bodies* 


Bodieji 
change 
their state 
hy heat. 


All substances* in nature, as far as we are acquaint- 
ed with them, occur in one or other of the three follow- 
ing states ; namely, the state of solids, of liquids, or of 
clastic fluids or vapours. It has been ascertained, that 
in a vast number of cases, the same substance is capa- 
ble of existing successively in each of these states. 
Thus sulphur is usually a solid body ; but when heated 
to 218°, it is converted into a liquid 5 and at a still 
higher temperature (about 570°}, it assumes the form 
of an elastic vapour of a deep brown colour. Thus also 
water in our climate is usually a liquid ; but when 
cooled down to 32°, it is converted into a solid body, 
and at 212 ° it assumes the form of an elastic fluid. 

All solid bodies, a very small number excepted, 
may be converted into liquids by heating them sufii- 
ciently 5 and, on the other hand, every liquid, except 
spirit of wine, is convertible into a solid body by ex- 
posing it to a suflicient degree of cold. All liquid bo- 
dies may, by heating them, be converted into elastic 
fluids, and a great many solids are capable of undergo- 
ing the same change 5 and, lastly, the nupiber of elastic 
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fluids which by cold are condensible into liquids or sq- ^Ohap» 
lids is by no means inconsiderable. These facts have 
led philosophers to form this general conclusion, That 
all bodies, if placed in a temperature suiEciently low, 
would assume a solid form ; that all solids become li- 
quids when sufficiently heated ; and that all liquids, 
when exposed to a certain temperature, assume the form 
of elastic fluids.” The state of bodies then depends upon 
the temperature in which they are placed ; in the low- 
est temperatures they are all solid, in higher temperatures 
they are converted into liquids, and in the highest of all 
they become elastic fluids. The particular tenaperatures 
at which bodies undergo those chants, are exceedingly 
various, but they are always constant for the same bo- 
dies. Thus we see that heat produces changes on the 
state of bodies, converting them all, first into liquids, 
and then into elastic fluids. 

I. When solid bodies are converted by heat into li- Conversion 
quids, the change in some cases takes place at once, to 
There is no interval between solidity^ and liquidity ; 
but in other cases a very gradual change may be per- 
ceived : the solid becomes irst soft, and it passes slowly 
through all the degrees of softness, till at last it becomes 
perfectly fluid. The conversion of ice into water is an instanta* 
instance of the first change ; for in that substance there 
is no intervening state between solidity and fluidity. 

The melting of glass, of wax^ and of tallow, exhibits 
instances of the second kind of change ; for these bo- 
dies pass through every possible degree of softness be- 
fore they terminate in perfect fluidity. In general, 
those solid bodies which crystallize or assume regular 
prismatic figures, have no interval between solidity and 
fluidity ; while those that do not usually assume such 
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shapes, have the property of appearing successively in 
all the intermediate states. 

1. Solid bodies never begin to assume a liquid form 
till they are heated to a certain temperature : this tenv 
perature is constant in all. In the first class of bodies 
it is very well defined ; but in the second class, though 
it is equally constant, the exact temperature of fluidity 
cannot be pointed out with such precision, on account 
of the infinite number of shades of softness through 
W'hich the bodies pass before they acquire their greatest 
possible fiuidit}' . Bui even in these bodies we can easily 
ascertain, that the same temperature always produces 
the same degree o# fluidity. The temperatures at which 
this change ironi solidity to liquidity takes place, re- 
ceive difl'erent names according to the usual state of the 
body thus changed. When the body is usually ob- 
served in a liquid state, we call the temperature al which 
it assumes the form of a solid its freezing pomt, or con^ 
gealwg point* Thus the temperature in which water 
becomes ice, is called the frec%ing point of water ; on 
the other hand, w hen the body is usually in the state of 
a solid, w’c call the temperature at which it liquifies its 
melting point: thus 218^ is the melting point of sulphur; 
442'^' the melting point of tin. 

2. The following Table contains a list of the melting 
points of a considerable number of solid bodies : 


Table of 

inehing 

points. 


Substance. Melting P(jint. 

Lead 594® 

Bismuth. . 47a 

Tin... . .442 


Substance. Melting Point 

Sulphur 21S 

Wax 142 ^’ 

Spermaceti 1 12 


# Bleached wax, 155^^. 


Nicholson. 
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^tjhstance. 

Mcking Point, 

Phos'phoriis .. 


Tallow . . . , , 


Oil of anise 

50 

Olive oil 


Ice 


Milk 


Vinegar 



Substance. Melting Point. 

Blood.. 

. . ..25 

Oil of Bergamot . 

.. ..23 

Wines 

. . ..20 

Oil of turpentine. 

,. . ..14 

Mercury ....... 

. .—39 

Liquid ammonia. 

...—46 

Ether., 

... — 46 


3. Though the freezing point of water be 32^, yet 
it may be cooled down in favourable circumstances con- 
siderably below that temperature, before it begins to 
shoot into crystals. Experiments were made on this 
subject by Mairan and Fahrenheit ; but it is to Sir 
Charles Blagden that we are indebted for the fullest in- 
vestigation of it. He succeeded in cooling water down 
to 22® before it froze, by exposing it slowly to the ac- 
tion of freezing mixtures. The experiment succeeds 
best when the water tried is freed from air. It ought 
also to be transparent j for opaque bodies floating in it 
cause it to shoot into crystals when only a few degrees 
below the freezing point. When a piece of ice is 
thrown into water thus cooled, it causes it instantly to 
shoot out into crystals- The same effect is produced 
by throwing the liquid into a tremulous motion ; but 
not by stirring it. It freezes also when cooled down 
too suddenly 

4. When salts are dissolved in water, it is well known 
that its freezing point is in most cases lowered. Thus 
sea-water does not freeze so readily as pure water. The 
experiments of Sir Charles Blagden have given us the 
point at which a considerable number of these solutions 
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congeal. The result of his trials may be seen in the 
following Table. The first column contains the names 
of the salts ; the second the quantity of salt, by weight, 
dissolved in 100 parts of water; and the third, the 
freezing point of the solution 


Names of Salts. 

Propor- 

tion. 

Freezing 

point. 

Common salt 

25 

4 

Sal ammoniac 

20 

8 

Rochelle salt 

50 

21 

Sulphate of magnesia . 

41*6 

23*5 

Nitre 

12-5 

26 

Sulphate of iron . 4 . . . 

41-6 

28 

Sulphate of zinc * 

33-3 

2S-6 


From this table it appears that common salt is by far 
the most efficacious in lowering the freezing point of 
water. A solution of 25 parts of salt in 100 of water 
freezes at 4°. These solutions, like pure water, may 
be cooled down considerably below their freezing point 
without congealing ; and in that case the congelation is 
produced by means of ice just as in common water, 
though more slowly. 

When the proportion of the same salt held in solution 
by water is varied, it follows from Sir Charles Blag- 
den’s experiments, that the freezing point is always 
proportional to the quantity of the salt. For instance, 
if the addition of -/^th of salt to water lowers its free- 
zing point 10 degrees, the addition of ^ths will lower it 
20®. Hence, knowing from the preceding table the ef- 
fect produced by a given proportion of a salt, it is easy 


See PUL Trofu, 17881 p. »77a 
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to calculate what the effect of any other proportion will 
he. The following Table exhibits the freezing points 
of solutions of different quantities of common salt in 
100 parts of water, as ascertained by Blagden’s trials, 
and the same points calculated on the supposition that 
the- effect is as the proportion of salt. 


Chap. IL 


^^antity of 
salt to i 00 
water. 

."freezing 
point by 
> xperim. 

Do. by 
calcula- 
tion. 

3*12 

8+ 

28*5 

4‘16 

2T5 

27*3 

6*25 

25*5 

25 

10*00 

21-5 

20*75 

12*80 

18*5 

1T6 

16*1 

13*5 1 

14 

20 

9*5 

9*8 

22*2 

7*2 

7 

1 25 

4 

4 


5. The strong acids, namely, sulphuric and nltrlcj^ Ofstroi^ 
which are in reality compounds containing various 
proportions of water according to their strength, have 
been shown by Mr Cavendish, from the experiments of 
lyir Macnab, to vary in a remarkable manner in their 
point of congelation according to circumstances. The 
following are the most important points respecting the 
freezing of these bodies that have been ascertained. 

When these acids diluted with water are exposed to 
cold, the weakest part freezes, while a stronger portion 
remains liquid ; so that by the action of cc^d they are 
separated into two portions differing very much in 
strength. This has been termed by Mr Cavendish the 
aqueous congelation of these bodies. 

When they are very much diluted, the whole mix- 
ture, when exposed to cold, undergoes the aqueous con- 
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Book h gelation ; and in that case, it appears from Blagden^f 
experiments, that the freezing point of water is lowered 
by mixing it with acid rather in a greater ratio than the 
increase of the acid. The following Table exhibits the 
freezing point of mixtures of various weights of sul» 
phuric acid, of the density 1‘8S7 (temperature 62^), 
and of nitric acid of the density i 454, with Too parts 
of water. 


Sulphuric Acid. | 

Nitric Acid. | 

Propor- 
tion of 
acid. 

Freezing 

point. 

Propor- 
tion of 
acid. 

Freezing 

point. 

10 

24-5 

10 

22 

20 

12*5 

20 

10-5 

25 

7*5 

23*4 



The concentrated acids themselves undergo congela- 
tion when exposed to a sufEcient degree of cold ; hut 
each of them has a particular strength at which it con™ 
geals most readily. When either stronger or weaker, 
the cold must be increased. The following Table, cal- 
culated by Mr Cavendish from Mr Macnab’s experi- 
ments, exhibits the freezing points of nitric acid of va- 
rious degrees of strength f • 


* PM. Trans. 1788, p. 308. 

f 1 he strength is indicated by the quantity of marble necessary to 
turate 1000 p^ts of the acid. Pbii, Trans. 1788, p. 174, 
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Strength. 

Freezing 

point. 

Differ- 

ence. 

568 

—45*5 

+ 15-4 

538 

— 30*1 

4-12 

508 

—18*1 

”j- 8*7 

478 

— 9’4 

+ 5*3 

448 

— 4-1 

4" I*"? 

418 

— 2-4 

— 1*8 

388 

— 4*2 

— 5-5 

35S 

— 9*7 

— 8 

328 

—17-7 

—10 

298 

—27*7 
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The following Table exhibits the freezing points of sul- 
phuric acid of various strengths J. 


Strength. 

Freezing 

point. 

977 

+ 1 

918 

-f-26 

846 

+ 42 

758 

—45 


Mr Keir had previously ascertained that sulphuric acid 
of the specific gravity 1 780 (at 60°) freezes most easi- 
ly, requiring only the temperature of 46 ^* This agrees 
nearly with the preceding experiments, as Mr Caven- 
dish informs us that sulphuric acid of that specific gra- 
vity is of the strength 848. From the preceding table 
we see, that besides this strength of easiest freezing, 
sulphuric acid has another point of contrary flexure at 
a superior strength ; beyond this, if the strength be in- 
creased, the cold necessary to produce congelation be- 
gins again to diminish. 


I ibid. p. i8i. 






EFFECTS OF CAXORIC, 


»l>iviskon n. 


Dr Black’s 
opinion. 


^at fluidi- 
ty is occa- 
sioned by la- 
tent heat, 


6. Before Br Black began to deliver Ins chemica| 
lectures in Glasgow in 1757, it was universally sup- 
posed that solids were converted into liquids by a small 
addition of heat after they have been once raised to the 
melting point, and that they returned again to the so- 
lid state on a very small diminution of the quantity of 
heat necessary to keep them at that temperature. An 
attentive view of the phenomena of liquefaction and 
solidification gradually led this sagacious philosopher to 
observe their inconsistence with the then received opi- 
nions, and to form another, which he verified by direct 
experiments ; and drew up an account of his theory, 
and the proofs of it, which was read to a literary sociej- 
ty in Glasgow on April 23d, 1762^ ; and every year 
after he gave a detailed account of the whole doctrine 
in his lectures. 

The opinion which he formed was, that when a solid 
body is converted into a liquid, a much greater quanti- 
ty of heat enters into it than is perceptible immediate- 
ly after fjy the thermometer. This great quantity pf 
heat does not make the body apparently warmer, but 
it must be thrown into it in order to convert it into a 
liquid 5 and this great addition of heat is the principal 
and most immediate cause of the fluidity induced. On 
the other hand, when a liquid body assumes the form of 
a solid, a very great quantity 6f heat leaves it without 
sensibly diminishing its temperature ; and the state of 
solidity cannot he induced without the abstraction of 
this great quantity of heat. Or, in other words, when- 
ever a solid is converted into a fluid, it combines with 


^ Black’s Leefurcf, Preface, p, 38® 
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r certain dose of caloric without any augmentatrou of CKa p. 
ts temperature ; and it is this dose of caloric which oc- 
casions the change of the solid into a fluid. When the 
laid is converted again into a solid, the dose of caloric 
eaves it without any diminution of its temperature 
ind it is this abstraction which occasions the change. 

Thus the combination of a certain dose of caloric with 
ice causes it to become water, and the abstraction of a 
certain dose of caloric from water causes it to become 
ice. Water, then, is a compound of ice and caloric 
and in general, all fluids are combinations of the solid 
to which they may be converted by cold and a certain 
dose of caloric. 

Such is the opinion eoncerning the cause of fluidity, 
taught by Dr Black as early as 1162. Its truth was 
established by the following experiments : 

First. If a lump of ice, at the temperature of 22®, be proved by 
brought into a warm room, in a very short time it is 
heated to 32®, the freezing point. It then begins to 
melt ; but the process goes on very slowly, and several 
hours elapse before the whole ice is melted. During 
the whole of that time its temperature continues at 32® j 
yet as it is constantly surrounded by warm air, we have 
reason to believe that caloric is constantly entering into 
it. Now as none of this caloric is indicated by the 
thermometer, what becomes of it, unless it has combi- 
ned with that portion of the ice which is converted into 
water, and unless it is the cause of the melting of the 
ice ? 

Dr Black took two thin globular glasses four inches 
in diameter, and very nearly of the same weight. Both 
were filled with water ; the contents of the one were 
frozen into a solid mass of ice, the contents of the qther 
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were cooled down to 33° j the two glasses were 
suspended in a large room at a distance from all other 
bodieS;> the temperature of the air being 41°. In half 
an hour the thermometer placed in the water glass rose 
from 33° to 40°, or seven degrees : the ice was at first 
four or five degrees colder than melting snow ; but in a 
few minutes the thermometer applied to it stood at 32°. 
The instant of time when it reached that temperature 
was noted, and the whole left undisturbed for ten hours 
and a half. At the end of that time the whole ice was 
melted, except a very small spongy mass, which floated 
at the top and disappeared in a few minutes. The tem« 
perature of the ice-water was 40°. 

Thus lOi hours were necessary to melt the ice and 
raise the product to the temperature of 40°. During 
all this time it must have been receiving heat with the 
same celerity as the water glass received it during the 
first half-hour. The whole quantity received then was 
21 times 7, or 147°; but its temperature was only 40°; 
therefore 139 or 140 degrees had been absorbed by the 
melting ice, and remained concealed in the water into 
which it had been converted, its presence not being in- 
dicated by the thermometer 

That heat is actually entering into the ice, is easily as- 
certained by placing the hand or a thermometer under 
the vessel containing it. A current of cold air may be 
perceived descending from it during the whole time o£ 
the process. 

But it will be said, perhaps, that the heat which en- 


^ Black’s Xetfurejf i. i ao, 
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ters into the ice does not remain there, but is altogether Chap^ii. ^ 
destroyed. This opinion is refuted by the following 
experiment. 

Second. If, when the thermometer is at 22°, we ex- 
pose a vessel full of water at 52® to the open air, and 
beside it another vessel full of brine at the same tem- 
perature, with thermometers in each ; we shall find that 
both of them gradually lose caloric, and are cooled 
down to 32°. After this the brine (which does not 
freeze till cooled down to 0°) continues to cool without 
interruption, and gradually reaches 22®, the tempera- 
ture of the air ; but the pure water remains stationary 
at 32®. It freezes indeed, but very slowly; and du- 
ring the whole process its temperature is 32®. Now, 
why should the one liquid refuse all of a sudden to give 
out caloric, and not the other? Is it not much more 
probable that the water, as it freezes, gradually gives 
out the heat which it had absorbed during its liquefac- 
tion ; and that this evolution maintains the temperature 
of the water at 32°, notwithstanding what it parts with 
to the air during the whole process ? We may easily 
satisfy ourselves that the water while congealing is con- 
stantly imparting heat to the surrounding air ; for a 
delicate thermometer suspended above it is constantly 
affected by an ascending stream of air less cold than the 
air around '^. The following experiment, first made 
by Fahrenlieit, and afterwards often repeated by Dr 
Black and others, affords a palpable evidence, that such 
an evolution of caloric actually takes place during con- 
gelation. 


# Black’s i. IS7« 
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Boole T. Third. If when the air is at 22®, we expose to it a 
jbivision^^; of water in a tall beer glass, with a thermo- 

meter in it and covered, the water gradually cools down 
to 22° without freezing. It is therefore 10° below the 
freezing point. Things being in this situation, if the 
water be shaken, part of it instantly freezes into a 
spongy mass, and the temperature of the whole instant- 
ly rises to the freezing point ; so that the water has ac- 
quired ten degrees of Caloric in ati instant. Now, whence 
came these ten degrees ? Is it not evident that it must 
have come from that part of the water which was fro- 
zen, and consequently that water in the act of freezing 
gives out caloric ? 

From, a good many experiments which I have made 
on water in these circumstances, 1 have found reason to 
conclude, that the quantity of ice which forms suddenly 
on the agitation of water, cooled down below the free- 
zing point, bears always a constant ratio to the coldness 
of the liquid before agitation. Thus I find that when 
water is cooled down to 22°, very nearly of the 
whole freezes when the previous temperature is 27°, 
about whole freezes. I have not been able 

to make satisfactory experiments in temperatures lower 
than 22° ; but from analogy I conclude, that for every 
five degrees of diminution of temperature below thefree- 
zing point, without congelation, of the liquid freezes 
suddenly on agitation. Therefore, if water could be 
cooled down 28 times five degrees below 32° without 
congelatiori, the whole would congeal instantaneously 
on agitation, and the temperature of ihe ice would be 32°^ 


^ A medium of several experiments* 
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Now It deserves attention, that 5 X 28 140^ gites 

precisely the quantity of heat which, according to Dr 
Black’s experiments, enters into ice in order to convert 
it into waters Hence it follows, that in all cases when 
water is cooled down below 32®, it loses a portion of 
the caloric which is necessary to constitute its liquidity® 

The instant that such water is agitated, one portion of 
the liquid seizes upon the quantity of caloric in which 
it is deficient at the expence of another portion, which 
of course becomes ice- Thus when water is cooled 
down to 22®, every particle of it wants 10® of the ca- 
loric necessary to keep it in a state of liquidity. Thir- 
teen parts of it seize ten degrees each from the four- 
teenth part. These thirteen of course acquire the tem- 
perature of 32® ; and the other part being deprived of 
10 X 13 = 130, which with the ten degrees that it had 
lost before constitute 140®, or the whole of the caloric 
necessary to keep it fluid,’ assumes of consequence the 
form of ice. 

Fourth. If these experitnents should net be consi- 
dered as sufficient to warrant Dr Black’s conclusion,' 
the following, for which we ate indebted to the same 
philosopher,* puts the truth of his opinion beyond the 
reach of dispute. He mixed together given weights of 
ice at 32^ and water at 190*^ of temperature. The ice 
was melted in a few seconds, a:nd the temperature pro- 
duced was 53®. The weight of the ice was 119 half- 
drams ; 

That of the hot water," 135 

of the mixture, 264 

of the glass vessd, 16 

Sixteen parts of glass have the same effect in heating^ 

cold bodies as eight parts of equally hot water® There-* 
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f6r€, inStetidofthele half- drams of glass, eight of ws-* 
ter txiay be substituted, which m^kes the h 6 t water 
iUiotint to 143 half-drams, 

lil thi^ exjferioient there Were 158 degrees of heat 
eofltaihed iti the hot w^ter to he divided betweeti the 
iee and water. Had they been divided equally, ^nd 
had the whole been afterwards sefisible to the thermo- 
ttteter, the water would have retained parts of this 
heat, and the ice would have received parts. That 
is to say, the Water would have retained 86 ®, and the 
ice would have receive 12 ^ : and the temperature af- 
t&c mixture would have been 104®* But the tempera- 
ture by experiuieni to be only 53 ® ; the hot 

water lost 137®, the ice oUly received an addition 
(q£ temperature equal to 21 ®. But the loss of 18® of 
temperature in the Water is equivalent to the gain of 21^ 
in the ice. Therefore 158® — 18® = 140® of heat 
have disappeared altogether from the hot water. These 
140® must have entered into the ice, and converted it 
into water without raising its temperature 

In the same manner, if we take any quantity of ice, 
or (which is the same thing) snow at 32®, and mix it 
with an equal weight of water at 172®, the snow in- 
Stan tij mclts^ and the temperature of the mixture is only 
3 i^®. Here, the water is cooled 140®, While the tempe- 
rature of the snow is not increased at all 5 so that 140^ 
of caloric have disappeared. They must have com- 
bined with the snow; but they have only melted it 
without increasing its temperature. Hence it follows 


^ Black^i LedurtfiU 1^130 
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iitesistibly, that Ice, wh^ it is con vetted into wat#f| 
absorbs and combines with caloric. 

It is rather difficult to ascertain the precis^ number 
of degrees of heat that disappear during the melting of 
ice. Hence different statements have been given. Mr 
Cavendish, who informs us that he discovered the fact 
before he was aware that it was taught bj I>r Black, 
states them at 150° ; Wilke at 130°* ; Black at 140° j 
and Lavoisier and Laplace, at 135°. The mean of the 
whole is very nearly 140 

Water, then, after being cooled down to 32 °, cannot 
freeze till it has parted with 140° of caloric ; and ice^ 
after being heated to 32°, cannot melt till it has ab- 
sorbed 140° of caloric. This is the cause of the ex- 
treme slowness of these operations. With regard to 
water, then, there can be no doubt that it owes its flu- 
idity to the caloric which it contains, and that the calo- 
ric necessary to give fluidity to ice is equal to 140°. 

To the quantity of caloric which thus occasions th^ 
fluidity of solid bodies by combining with therh, Dr 
Black gave the name oi latent heat ^ because its presence 
is not indicated by the thermometer : a term sufficient* 
ly expressive, but other philosophers have rather cho^ 
sen to call it caloric of fluidity. 

Dr Black and his friends ascertained alsoj by expe^ 
riment, that the fluidity of melted wax, tallow, sperma^ 
ceti, metals, is owing to the same cause. Landriani 
proved that this is the case with sulphur, alum, nitre, 
and several of the metals t ; and it has been found to 
be the case with every substance hitherto examined.* 


Ciap. li. 


Latent fie^_ 
of Vi^tm 


^ FhiL Transt 1783, p. 313. 
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Book t We may Consider it therefore as a general law* that 
Di'il'ision If. . . . . 

v«— whenever a solid is converted into a fluid, it combiner 

with caloric, and that this is the cause of its fluidity® 

Latent heat experiments to determine the latent hea& 

of other bo- of Other bodies besides water, that have been hitherto 
dies, . ... 

published, are those of Dr Irvine f and his son Mr Wil- 
Irvine J. The following Table exhibits the result 
of their trials. 


Bodies. 

I..atent 

heat. 

.Do. reduced 
to the specific 
heat of water 

Sulphur 

143-68 

2T14 

Spermaceti..... 

145 


Lead 

162 

5’6 

Bees wax ...... 

175 


Zinc 

493 

48-3 

Tin 

500 

' 33 

Bismuth 

550 

23-25 


Softness and 
ductility 
owing to 
the same 
cause. 


The latent heat of spermaceti, wax, and tin, were deter^ 
mined by Dr Irvine, that of the rest by his son. Th® 
latent heat in the second column expresses the degrees by 
which it would have increased the temperature of each 
of the bodies respectively when solid, except in the case 
of spermaceti and wax ; in them it expresses the in- 
crease of temperature which would have been produced 
upon them while fluid. 

8 . Dr Black- has rendered it exceedingly probable al- 
so, or rather he has proved by his experiments and ob- 
servations^ that the softness of such bodies as are ren- 
dered plastic by heat, depends upon a quantity of la*- 


-f-' Black’& Leciurisy i. 187. 


I Nicholson's Jmr. k. 45 .. 
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%Ht heat wliidh confines with them. Metals also 
'Owe their malleability and ductility to the same cause. 
Hence the reason that they become hot and brittle wbeu 
hammered. 

IL Thus it appears, th^t the conversion of solids in« 
to liquids is occasioned by the *combination of a dose of 
caloric with the solid. But there is another change of 
state still more remarkable, to which bodies are liable 
tvhen exposed to the action of heat. Almost all liquids, 
when raised to a certain temperature, gradually assume 
the form of an elastic fluid, invisible like air, and pos- 
sessed of the same mechanical properties. Thus water, 
by boiling, is converted into steam, an invisible fluid, 
1800 times more bulky than water, and as elastic as 
air. These fluids retain their elastic form as long as 
■their temperature remains sufficiently high ; but when 
cooled down again, they lose that form, and are con- 
verted into liquids. All liquids, and even a consider- 
able number of solids, are capable of undergdi^ tlifei 
change when sufficiently heated. 

2. With respect to the temperatures at which liquids 
undergo this change, they may be all arranged under two 
•divisions. There are some liquids which are gradual- 
ly converted into elastic duids at every temperature ; 
while others again never begin to assume that change 
■till thek temperature reaches a certain point. Water 
is a well known example of the first class of bodies. If 
•an open vessel, filled with water, be carefully examined, 
we find that the water diminishes in bulk day after day, 
and at last disappears altogether. If the experiment 
be made in a vessel sufficiently large, and previously 
exhausted of air, we shall find, that the water Ivill fill 
the vessel in the state of invisible vapour, in whateyef 
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Some bo- 
dies become 
vapour at 
all tempera- 
tures, others 
not. 
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temperature it he placed : alcohol lijcewise, and ether 
aod volatile oils, gradually assume the forrn of an elas® 
tic fluid in all temperatures. But splphpric acid and 
the li?:ed oils never begin to assume the form of vapour 
l^ill they are raised to a certain temperature. Though 
left in open vessels they lose no perceptive weight ; 
pieither floes sulphuric acid lose any wfeight though kept 
oyer long in the tcu^perature of .boiling water. 
Wheu liquids gradually assume the form of elastic 
fluids in all temperatures, they are said to evaporate 
spontaneously. The ^cond class of liquids want that 
property altogether. 

S, When all other circumstances aru the same, the 
.evaporation of liquids in greases with their temperature ; 
apd affet they are heated to a certain tempfi**ature, they 
UfWIUe the form of elastic fluids, with great rapidity. 
If tjhe heat be applied to the bottom of the vessel con*, 
raining the liquids, as is usually the case, after the 
whole liquid has^'acquirefl this temperature, those par- 
ticles of it which are next the bottom become an elastic 
fluid first : they rise up, they are formed, through 
the liquid, like air- bubbles, and throw the whole into 
violent sigitation. The liquid is then said to hozl^ 
Eypy pard«3ol,ar liquid hus a flxed point at which this 
hoiliug COTmeuees ^(ather things being the §amie) ; 
imd Jhis is called the boiling point of the liquid. 
Tbns water begins to hoil when heated to It is 

rumJ^'i^kahlei that after a liquid h^is begun to boil, it nu- 
vof becotnps hotter,^ however strong the fire be to 
which it is exposed.,. A strong heat indeed makes it 
hoil more rapidly, butdo^S not increase its tomperatuire. 
^his was first obseryied by IJr fjookcs 
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‘ 4* The following Table coatalas the boiling point of 
a numbei* of liquids* 


Chap. IL . 




Bodies. 

Boiling Pomt. 

Ether 


Ammonia .... 


Alcohol....... 


Water 


Nitric acid . 


Carbonate of potash 260f 


I Bodies^ ‘ Boiling Points 
IMuriate of lime ... 264t 
Sulphuric acid ...i.. 5 §Q^ 

Phosphorus 534 

i Sulphur* .. ...... ^ . .... 570 

Linseed oil ......... 600 

Mercury ............ 660 


5. It was observed, when treating of the melting 
point of solids, that it is capable of being varied consi- sur^^' 
derably by altering the situation of the body. Thus 
water may be cooled down considerably lower than 
■62® without freezing. The boiling point is still less 
jixed, depending entirely on the degree of pressure to 
which the liquid to be boiled is exposed. If we dimi- 
nish the pressure, the liquid boils at a lower tempera- 
ture ; if we increase it, a higher temperature is neces- 
sary to produce ebulition. From the experiments of 
Professor Robison, it appears that, in a vacuum, all 
liquids boil about 145^ lower than in the open air, 
under a pressure of 30 inches of mercury 5 therefore 
water would boil in vacuo at 67® and alcohol at 34®. 

In a Papin’s digester, the temperature of water may be 
raised to 300®, or even 400®, without ebulition : But 
the instant that this great pressure is removed, the 
boiling commences with prodigious violence. 


^ Dalton. 

f When so much concentrated as to become nearly solid, 
1 By my trials. 
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Division If. 


Elasticity of 
vapours in- 
creases with 
the tempe- 
ratures. 


6 * The elasticity of all the elastic fluids into which 
liquids are converted by heat, increases with the 
temperature ; and the vapour formed, when the li- 
quid boils in the open air, possesses an elasticity just 
equal to that of air, or capable at a medium pf balancing 
a column of mercury 30 inches high. The following 
very important Table, drawn up by Mr Dalton"^ froir^ 
hi$ own experiments, exhibits the elasticity of stearp or 
the vapour of water of every temperature, from — 40^ 
to 325®. The elasticities of all the temperatures from 
32® to 212® were ascertained by experiment 5 the rest 
were calculated by observing the rate at which the elas*^ 
ticity increased or diminished according to the tei^pp*^ 
r^turc. 


* ManibciUr Memoirs^ y. 559« 
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Table continued* 


Chap. U. 


Temperature. 

Force of Vap. 
5n inches of 
Mercury, 

Temperature. 

Force of Vap. 
in inches of 
Mercury. 

Temperature. 

Force of Vap, 
in inches of 
Mercury. 

Temperature. 

Force of Vap. 
in inches of 
Mercury. 

269° 

76*82 

284° 

93-23 

298“ 

109*48 

312° 

125*85 

270 

77-85 

285' 

94*35 

299 

110*64 

313 

127*00 

271 

78-89 

286 

95-48 

300 

111-81 

314 

128*15 

272 

7P*94 

287 

96-64 

301 

112-98 

315 

129*29 

273 

80-98 

,288 

97-80 

302 

114-15 

316 

130-43 

274 

82-01 

289 

98-96 

303 

115*32 

317 

131*57 

275 

63-13 

290 

100*12 

304 

116*50 

318 

132-72 

276 

84*35 

291 

101*28 

305 

117-68 

319 

133*86 

277 

SS-47 

:92 

102*45 

300 

118*86 

320 

135*00 

278 

86*50 

293 

103-63 

307 

120*03 

321 

136*14 

279 

87‘63 

294 

104-80 

308 

121*20 

322 

137*28 

280 

88*75 

295 

105-97 

309 

122*37 

323 

138*42 

281 

89*87 

296 

107-14 

310 

123-53 

324 

139*56 

282 

283 

P0*P9 

92*11 

297 

108-31 

311 

124*69 

325 

140*70 


7. Mr Dalton has shown, that if we consider the ex- EkstidtyoF 
pansion of mercury as according to the square of the 
temperature, tJien the force of vapour increases in a 
geometrical progression, by equal increments of tem- 
perature, reckoning these increments upon his new 
tbermometric scale. The ratio of the progression he 
finds to be 1^321. In like manner the force of the va- 
pour of ether increases in a geometrical progression, the 
ratio of which is 1*2278. But the increase of the force 
of the vapour of alcohol, of the specific gravity 0*87, he 
finds to be irregular. He has drawn as a conclusion 
from his experiments, that the vapour of all pure liquids 
increases in force in a geometrical progression to the 



540 


EFFECTS OF CAX.0RI€. 


•Book I. temperature, but the ratio is diiTereut in different fluids-* 
Si vision tk ™ 

w— .y--«w The vapour of alcohol differs from this law, because 
it is in reality a mixture of two distinct vapours, name- 
ly, that of water, and that of alcohol. The following 
Table exhibits the force of vapour of ether and alcohol, 
for every ten degrees of Mr Dalton’s new thermometer 
from the freezing to the boiling point of water, as 
pertained by that gentleman’s experiments 


New Therm, 

Force of Vap. 
of Ether in in- 
ches of Merc. 

Force of Vap. 
of Alcohol in 
do. 

New Therm. 

Force of Vap. 
of Ether in in- 
ches of Merc. 

- 

Force of Vap. 
of Alcohol in 
do. 

32® t 

6-1 

O' 80 

132° 

4€'54 

‘ 8*2 

42 

7-57 

0*93 

142 

5V03 

10-2 

‘52 

9-16 

1’08 

152 

69-B8 

13-9 

02 

11'22 

1-3 

1-62 

85^62 

1T9 

72 


1-6 

172 

104'91 

22“4 

82 

16-85 

2-1 

1S2 

12S-5 

29-3 

92 

20-65 

2-8 

192 

151-5 


102 

25'30 

3-6 

202 

193- — 


112 

31-~ 

4-7 

^212 

236-5 


122 

37-98 

6-3 

! 




Vapoitrsare T- Such are Ihe phenomena of the conversion of 11- 
bmed with* into plastic fluids. Dr Black applied his theory 

ciiloric. ,p£ latent heat to this conversion with great sagacity, 
and demonstrated that it is owing to the very sam<^ 


^ Dalton’s Nlew System of chtmical pbilosBph'^y p. 14, 
t I'he corresponding degrees of the common thermometer will 
found in page 50a of this volume. The degrees in the table were pre- 
served CO show the geometrical progression in the force of the vapour of 

kher. ■ ' 
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^tnse as* the conversion of solids into liquids ; natn^j^ 
tjo the combination of a certain dose ©f caloric with the 
Mquid without any increase of temperature. The truth 
©f this very important point was established by the fol- 
lowing experiments. 

First, When a vessel of water is put upon the fire^ 
the water gradually becomes hotter till it reaches 212° 
afterwards its temperature is not increased. Now ca- 
loric must be constantly entering from the fire and com- 
bining with the water. But as the water does not be- 
come hotter, the caloric must combine with that part of 
it which flies off in the form of steam : but the tempe- 
rature of the steam is only 212^ : therefore the caloric 
combined with it does not increase its temperature.. 
We must conclude, then, that the change of water to 
steam is owing to the combination of this calorie j for 
it produces no other change. 

, Dr Black put some water in a tin-plate vessel upon 
a red hot iron. The water was ©f the temperature 50° : 
in four minutes it began to boil, and in 20 minutes it was 
all boiled off. During the first four minutes it had recei- 
Ired 162^y or 404-° minute. If we suppose that it 
received as much per minute dumng the whole process 
of boiling, the caloric which entered into the water and 
converted it into steam would amount to 40^ X 20 — 
810° This caloric is not indicated by the thermome- 
ter, for the temperature of steam is only 212° y there- 
fore Dr Black called it latent heat. 

Second, Water may be heated in a Papin’s digester to 
400® without boiling j because the steam is forcibly 


^ Black's Lectures f i* ^57-' 
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compressed, and prevented from making its escape. II 
the mouth of the vessel be suddenly opened while 
things are in this state, part of the water rushes out in 
the form of steam, but the greater part still remains in 
the form of water, and Its temperature instantly sinks 
to 212^ ; consequently 18S® of caloric have suddenly 
disappeared. This caloric must have been carried off 
by the steam. Now as only about fth of the water is 
converted into steam, that steam must contain not only its 
own 188^, but also the 188° lost by each of the other 
four parts ; that is to say, it must contain 188° X 5, 
or about 940°. Steam, therefore, is water combined 
with at least 940° of calotic, the presence of which is 
not indicated by the thermometer. This experiment 
was first made by Dr Black, and afterwards, with more 
precision, by Mr Watt, 

Third, When hot liquids are put under the receiver 
of an air pump, and the air is suddenly drawn off, the 
liquids boil, and their temperature sinks with great ra- 
pidity a considerable number of degrees. Thus water, 
however hot at first, is very soon reduced to the tem- 
perature of 70° ; and ether becomes suddenly so cold 
that it freezes water placed round the vessel which con- 
tains it. In these cases the vapour undoubtedly carries 
off the heat of the liquid ; but the temperature of the 
vapour is never greater than that of the liquid itself : 
the heat therefore must combine with the vapour, and 
become latent. 

Fourth, If one part of steam at 212° be mixed with 
nine parts by weight of water at 62°, the steam instant- 
ly assumes the form of water, and the temperature af- 
ter ntixture is 178*0° ; consequently each of the nine 
parts of water has received J 16*6^ of caloric ; conse- 
quently the steam has lost 9 X 110*6° =: 1049'4° of 



tttJtDITT. 


543 


iiibric- Bat as the tolipbraturb of tlie steam is ditfi!- * 

liished by 3^*5®, we fbust subtract this sum. There 
will remain rather mdre than ICiOO^, which is the (Jtiatt« 
tity of caloric which existed in the steam without in- 
creasing its temperature. This experiment cannot be 
made directly ; but it may be made by passing a given 
weight of steam through a metallic worm, surrounded 
by a given weight of water. The heat acquired by the 
water indicates the caloric which the steam gives out 
during its condensation. From the experiments of 
Mr Watt made in this manner, it appears that the la- 
tent heat of steam amounts to 940®. The experiments 
of Mr Lavoisier make it rather more than 1000®. 

By the experiments of Dr Black and his friends, it 
was ascertained, that not only water, but all other liquids 
during their conversion into vapour, combine with a 
dose of caloric, without any change of temperature; and 
that every kind of elastic fluid, during its conversion 
into a liquid, gives out a portion of caloric without any 
change of teitiperature. Dr Black’s law, then, is very 
general, and comprehends every change in the state of 
a body. The cause of the conversion of a solid into a 
liquid is the combination of the solid with caloric; that 
of the conversion of a liquid into an clastic fluid is the 
combination of the liquid with caloric. Liquids are 
solids combined with caloric ; elastic fluids are liquids 
combined with caloric. This law, in its most general ^ Generallaw 

° discovered 

form, may be stated as follows : Whenever a body byDrBlack< 
changes its state^ it either combines voith caloric or sepa* 
rates from caloric. 

. No person will dispute that this is one of the most 
important discoveries hitherto made in chemistry. Sci- 
seems indebted for it entirely to the sagacity of Di; 
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Gases. 


Ptipposet^ to. 
"be liquids 
combined 
with calo- 
ric. 


Concfensed? 
ty cold. 


Black. Other philosophers indeed have laid claim 
it ; but these claims are either without any foundation's; 
or their notions may be traced to Dr Black’s lectures^ 
or their opinions originated many years posterior to the 
public explanation of Dr Black’s theory in the chemical 
chairs of Glasgow and Edinburgh. 

III. A very considerable number of bodies, both so- 
lids and liquids, may be converted into elastic fluids by- 
heat ; and as long as the temperature continues suffi- 
ciently high, they retain all the mechanical properties 
of gaseous bodies. It is exceedingly probable, that if 
we could command a heat sufficiently intense, the same 
change might be produced on all bodies in nature-i* 
This accordingly is the opinion at present admitted by- 
philosophers. But if all bodies are convertible inti& 
elastic fluids by heat, it is exceedingly probable, that all 
elastic fluids iri their turn might be converted into solids 
or liquids, if we could expose them to a low enough 
temperature. In that case, all the gases must be sup- 
posed to owe their elasticity to a certain dose of calo- 
ric : they must be considered as compounds of caloric 
with a solid or liquid body. This opinion was first 
stated by Amontons ; and it was supported, with much 
ingenuity, both by Dr Black and by Lavoisier and his 
associates. It is at present the prevailing opinion ; 
and it is certainly supported not only by analogy,' but 
by several very striking facts^ 

1. If its truth be admitted, we must consider all the 
gases as capable of losing their elasticity by depriving 
them of their heat : they differ merely from the vapours 
in the great cold which is necessary to produce this 
change. Now the fact is, that several of the gase^ 
may be condensed into liquids by lowering their tempc*-^ 


} 

i 

i 
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ratiires. Oxy-iRiurlatio acid gas becomes liquid at a 
temperature not much under 40® ; and at 32*^ it eVen 
forms solid crystals. Ammoniacai gas condenses into 
a liquid at — 45^. None of the other have been 
hitherto condensed, 

2. It is well known that the condensation of vapours 
is greatly assisted by pressure ; but the eiFect of pres- 
sure diminishes as the temperature of vapours increases. 
It is very likely that pressure would also contribute to 
assist the condensation of gases. It has been tried 
without effect indeed in several of them. Thus air has 
been condensed till it was heavier than water; yet it 
showed no disposition to lose its elasticity. But this 
may be ascribed to the high temperature at which the 
experiment was made relative to the point at which air 
would lose its elasticity, 

3. At the same time it cannbt be denied,' that there 
are several phenomena scarcely refconcileable to this con- 
stitution of the g^ses, ingenious and plausible as it is. 
One of the most striking is the sudden solidification 
which ensues when certain gases are mixed together. 
Thus when ammoniacai gas and muriatic acid gas are 
mixedj the product is a solid salt ; yet the heat evolved 
is very inconsiderable, if we compare it with the dif- 
ficulty of condensing these gases separately, and the 
great cold which they endure before losing their elasti- 
city, In other cases, too, gaseous bodies unite, and 
form a new gas, which retains its elasticity as po .ver- 
fully as ever. Thus oxvgen gas and nitrous gas com- 
bined form a new gas, namely, nitric acid, which is per- 
maffeiit till it comes into contact with some body on 
which ji can act. 


Chap. II. 


And pres^ 
sure. 


bhjectloiis 
to the opi'« 
nion. 
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Caloric de- CaloRIC not only increases the bulk, of bodies, ant! 
composes . . . . ‘ 

bodies. changes their state from solids to liquids and from li- 
quids to el^ic fluids ; but its action decomposes a great 
number of bodies altogether, either into their elements,, 
or it causes these elements to combine in a different 
manner. Thus when ammonia is heated to redness, it 
is resolved into azotic and hydrogen gases. Alcohol^ 
by the same heat, is converted into carbureted hydro- 
gen and water, 

1 . This decomposition is in many cases owing to the 
difference between the volatility of the ingredients of a 
compound. Thus when weak spirits, or a combination 
of alcohol and water, are heated, the alcohol separates, 
because it is more volatile than the water. 

2 . In- general, the compounds which are but little or 
not at all affected by heat, are those bodies which have 
been formed by combustion. Thus water is not decom- 
posed by any heat which can be applied to it ; neither 
are phosphoric or carbonic acids. 

3. Almost all the combinations into which oxygen 
enters without having occasioned combustion, are de- 
composable by heat. This is the case with nitric acid, 
hyperoxymuriatic acid, and many of the metallic ox- 
ides. 

4. All bodies that contain combmtibles as compo- 
nent parts are decomposed by heat. Perhaps the me- 
tallic alloys are exceptions to this rule 5 at least it is not 

' in our power to apply a temperature high enough to 
produce their decomposition, except in a few cases. 

5 . When two combustible ingredients and likewise 
oxygen occur together in bodies, they are always very 


teECOMPOSITON'. 


easily decomposed by heat. This is the case with thd 
greater number of animal and vegetable substances. 

But it is unnecessary to enlarge any farther on this 
subject, as no satisfactory theory can be given. The de- 
compositions will all be noticed in describing the differ-i. 
ent compounds which are to occupy our attention in the 
subsequent part of this Work. 


SECT. V. . 

©F THE QJJANTITY OF CALORIC IN BODIES. 

Having, in the second Section of this Chapter, showti 
that caloric is capable of moving through all bodies j 
and in the third, that it gradually diffuses it$elf through 
all' contiguous bodies in such a manner that they as- 
sume the same temperature — the next point of discussion 
which presented itself was the quantity of caloric in bo- 
dies. When different bodies have the same tempera- 
ture, do they contain the same quantity of caloric? Is 
the same quantity necessary to produce the same change 
of temperature in all bodies? What is the point at which 
a thermometer would stand if it were plunged into a 
body deprived of heat altogether ? or what is the com- 
mencement of the scale of temperature ? But these 
questions could not be examined with any chance of 
success while we were ignorant of the effects which ca- 
loric produces on bodies ; because it is by these effects 
alone that the quantity of caloric in bodies is measured. 
This rendered it necessary for us to employ the fourth 
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Section in the examirjanon of liiese effects. Let ns now 
apply the knowledge which we have acquired to the in- 
vestigation of the quantity of caloric iu bodies.. This 
investigation naturally divides itself into three parts : 

1. The relative quantities of caloric in bodies, or the 
quantities in each necessary to produce a given change 
of temperature. This is usuall y termed specific caloric* 

2. The absolute quantity of caloric which exists in bo- 
dies. 3. The phenomena of cold^ or the absence of ca- 
loric. These three topics shall be examined in order.. 

I. Of THE Specific Caloric of Bodies. 

equal weights of water and sperrxia’Ceti oil, at differ- 
plained. ent temperatures,, be mixed together and agitated, it is 
natural to expect that, the mixture would acquire the 
mean temperature. Suppose, for instance, that the 
temperature of the water were 100°, and that of the 
oil 50°, it is reasonable to suppose that the water would 
be cooled 25° and the oil heated 25°, and that the tem- 
perature after the mixture would be 75°. But when 
the experiment is tried, the resvdt is very far from an- 
swering this, apparently reasonable expectation : for the 
temperature after mixture is 5 consequently the 
water has only lost 16-^,. while the oil has gained 33 
On the other hand, if we mix together equal weights of 
water at 50°, and oil at 100°, the temperature, after agi- 
tation, will be only so that the oil has given out 
33}, and the water has received onW Id}. This ex- 
periment demonstrates, that the same quantity of caloric 
is not required to raise spermaceti oil a given number 
of degrees which is necessary to raise water the same 
auniber. The quantity of caloric which raises the oil 
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i2y, raises water only 6 y ; consequently the caloric ^ Chap. II. ^ 
which raises the temperature of water will raise that 
■of the same w^eight of spermaceti 2°. 

If other substances be tried in the same manner, it 
will be found that they all differ from each other in the 
quantity of caloric which is necessary to heat each of 
them to a given temperature ; some requiring more 
than the same weight of water would do, others less ; 
but every one requires a quantity peculiar to itself. 

Now the quantity of caloric w^hich a body requires, in 
order to be heated to a certain temperature, (one degree 
for instance), is called the specific caloric of that body. 

We do not indeed know the absolute quantity of calo- 
ric which is required to produce a certain degree of 
heat in any body 9 but if the unknown quantity neces- 
sary to heat water (i^ for instance) be made rr j, we 
can determine, by experiment, how much more, or how 
much less caloric other bodies require to be heated the 
same number of degrees- Thus if we find by trial 
that the quantity of caloric which heats water 1 ^, heats 
the same weight of spermaceti oil 2 °, it follows, that 
the specific caloric of water is two times greater than 
that of the oil ; therefore if the specific caloric of water 
•z: 1 , that of spermaceti oil must be =r 0*5- In this m*an- 
iier may the specific caloric of all bodies be found- 

That the specific caloric of bodies is dilferent, was History, 
first pointed out by Dr Black in his lectures at Glasgow 
between 1760 and 1165^* Dr Irvine afterwards in- 
vestigated the subject between 1765 and 1770 f ; and 
Dr Crawford published a great number of experiments 


Black’s tfcfures, i.,504. 
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Book, t on it in his Treatise on HeaU These three philosophers 
Division H. • /»77* 

denoted this property by the phrase capacity of bodies 

for heat. But Professor Wilcke of Stockholm, who 

published the first set of experiments on the subject, 

introduced the term specific caloric ; which has been 

generally adopted, because the phrase capacity for calo^ 

ric is liable to ambiguity, and has introduced confusion 

into this subject^. 

The experiments of Mr Wilcke were first published 
in the Stockholm Transactions for 1 * 772 , but had been 
read to the Swedish Academy as early as 1771 . The 
manner in which they were conducted is exceedingly 
ingenious, and they filrnish us with the specific caloric 
of many of the metals. The me^l on which the experi- 
ment was to be made was first weighed accurately (ge- 
nerally one pound was taken), and then being suspend- 
ed by a thread, was plunged into a large vessel of tin- 
plate, filled with boiling water, and kept there till it ac- 
quired a certain temperature, which was ascertained by 
a thermometer. Into another small box of tinplate ex- 
actly as much water at 32 ° was put as equalled the 
weight of the metal. Into this vessel the metal was 
plunged, and suspended in it so as not to touch its sides 
or bottom ; and the degree of heat, the moment the 
metal and water were reduced to the same tempera**, 
lure, was marked by a very accurate thermometer. From 
the change of temperature, he deduced, by a very in- 
genious calculation, the specific caloric of the metal, 
that of water being considered as unity f- 


* The term specific caloric has been employed in a different sense bj Sc- 
ipiin. He used it for t!‘.e •whole calorie which a body contains, 

f The following is the process of reasoning by which he 'was led to ^ 
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Next, in point of time, and not inferior in ingenious Chap. ir. 
contrivances to ensure accuracy, were the experiments 
of Dr Crawford, made by mixing together bodies of 


his conclusions. He first calculated what the temperature would have 
been if a quantity of water, equal in ^weight to tht metal, and of the same 
temperature with it, had been added to the ice-cold water instead of the 
‘ metal. 

Let M be a quantity of water at the temperature C, m another quan- 
tity at the temperature r, and let their commo® temperature after mixture 
he X ; according to a rule demonstrated long ago by Richman, x *= 

M Jfrm * 


In the present case the quantities of water are equal, there- 


fore M and m are each = i ; C, the temperature of the ice-cold water, 
= 32 y therefore Jlii. Now c is the temperature of the 

metal. Therefore if 32 be added to the temperature of the metal, and 
the whole be divided by 2, the quotient will express the temperature of 
the mixture, if an equal weight of water with the metal, and of the same 
temperature with it, had been added to the ice-cold water instead of the 
metal. 

He then calculated what the temperature of the mixture would have 
been, if, instead of the metal, a quantity of water of the same tempera- 
ture with it, and equal to the metal in kulk, had been added to the ice-cold 
water. As the weights of the ice-cold water and the metal are equal, 
their volumes are inversely as their specihe gravities. Therefore the vo- 
lume of ice-cold water is to a quantity of hot water equal in volume to the 
metal, as the specific graviify of the metal to that of the water. Let M 
volume of cold water, = volume of hot water, ^ = specific gravity 
of the metal, l = specific gravity of water ; then ni\ M : I : if J hence 

^=r=?^==(IVI being made =r=i)~. Substituting this value oim in the 
S S 

formula, in which M == i and C = 32, will be — 

JM. -J- m 


Therefore if the specific gravity of the metal be multiplied by 

32, and the temperature of the metal be added, and the sum be divided by 
the specific gravity of the metal -f- i> the quotient will express the tem- 
perature to which the ice-cold water would be raised by adding to it a 
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Boole difterent teiupcratures. These were imblished in 
Division It _ . T -r I' 1- • 

w -j Treatise on Iieat<. In the lirst edition many error? bad 

crept into bis deductions, from his not attending to tho 
chemical changes produced by mixing many of the sub- 
jects of his experiments. These were corrected by his 


■volum-e of water cqt' u* to that of the metal, and of the same temperature 
with it. 

He then calculated how much water at the temperature of the metal it 
would take to rais^the ice-cold water the same number ot degrees which 
the metai had raised it. Let the temperature to which the metal had 
raised tiic ice-'Coid water be N, if in the formula ^ 

M + 

be made = N, M = i, C -.r 351, w will he ^ Therefore 

if from the temperature to w'hich the ice-cold water was raised by the 
metal 3a be subtracted, and if from the temperature of the metal be sub- 
tracted the temperature to which it raised the water, and the first re?» 
maindcr be divided by the last, the quotient will express the quantity of 
water of the. temperature of the mccal which would have rabed the ice'* 
cold water the same number of degn that the metal did. 

‘ ]sj -^2 

]sj'. ,-w ^ expresses the spcdlic c.doric of the metal, that cf water 

f — M * 

being r— : . For (neglecting the smalt difference occasioned by the differ- ' 
rence of temperature j the w'cight and volume of the ice-cold water are to 


the weight and volurac of the hot \vi.tcr as i to 


N — 32 
“n’ 


and the num- 


ber of particles of water in each arc in the same proportion. But the 
metal is equal in weight to the ice-cold water ; it mu^t therefore contain 
as many policies of matter; therefore thi quantity of matter in metal 

must be to that in the hot water as i to ^ But they gave out 
the Same qnaiuity of caloric ; which, being dividetl equally among their 
particles, gives t . each parririe a quantity <>f caloric inversely as the bulk® 
of the metal and water; tfiat is, the specific caloric of the water is to that 


of the metal as 1 to 


N — 32^. 
c— 'N 


All these formuhifi have been altered to make them corre«!pond with 
Jahienhc t's thermouieter. They aic a goo*! d. a' .k nm, r ivher. di.. cx- 
pen*!'' . ,e'e !na<le vdji . eh..'u- : ;'.t:t(n/'nKTiT,i.;> ;.:m WJek. <..(!. «n it 

fhe in. ; puiiit IS i^ero; and consequently, instead of 3^1 in the formula;, 
m if} always substituted. 
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subsequent cxperimmts, and the corrections inserted in ^ Chap. 
liis second edition. The method which he employed 
was essentially the same with that which had been at first 
suggested by Dr Black. Two substances of different 
temperatures 'were mixed uniformly ; and the change 
of temperature produced on each by the mixture was 


It will now be proper to give a specimen or two of his experimentSj 
and the calculations founded on tliem, as above described. 

GOLD. Speeijie gravity 19*040. 


Number of experiments. 

Temperature of the me- 
tal. 
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considered as inversely proportional to its specific m-* 
loric 


LEAD. Specific gravity 11*456. 


c 

qj 

.§ 

K 
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Temperature to which 
the metal raised the wa- 
ter at 32®. 

Temperature to w*hich 
the water would have 
been raised by a quanti- 
ty of water equal in 
weight and heat to the 
metal. 

Temperature to which 
the water w''ould have 
been raised by W’atcr e- 
qual in bulk and tempe- 
rature to the metal. 

• 

0 

ca 

<3 

<0 

*0 

m 2. CO 

0 ^ X 

C c 
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3 
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4 
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97*7 

42-548 

23*333 

•f ' 
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36-5 

84*2 

40*344 

22*200 

6 
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36-05 

■Bl 

39*947 

24*700 

7 

^ iaf>*5 

36*05 

79*25 

39-585 

22*333 

8 

107*6 

35*15 

69*8 

' 38-339 

23 ’COO 

9 

94‘t 

34*7 

*>3-05 

36-985 

22*000 


Mean 23*515 


It is needless to add, that the last column piarlcs the depominatpr of the 
specific caloric of the metal ; the numerator being always I, and the speci- 


fic" caloric of water being I. Thus the specific caloric of goldis 

In exactly the same manner, and by taking a mean of a number of ex- 
pel iments at different temperatures, did Mr W ikke ascertain the specilic 
caloric of a number of other bodies. 

•-« I'he specific caloric of water being considered as i, the formula was 
follows : Let the quantity of water (which usually constituted one of 
fJie substances mixed) be W, and its temperature w. Let the quantity 
of the other body, whose specific caloric is to be ascertained, be B, and 
its temperature Let the temperature after mixture be m. 'The spcci» 
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To the labours of this ingenious and correct experi- » 
lenter we are indebted for some of the most remark- 
ble facts respecting specific cal otic that are yet known 

Several experiments on the specific caloric of bodies 
i^ere made also by Lavoisier and Laplace, which from 
he well-known accuracy of these philosophers cannot 
)ut be very valuable. 

Their method was exceedingly simple and ingenious; 
t was first suggested by Mr Laplace. An instrument 
vas contrived, to which Lavoisier gave the name of ca- 
lorimeter. It consists of three circular vessels nearly in- 
JCribed into each other, so as to form three different a- 
partments, one within the other. These three we shall 
:all the interior ^ middle^ and external cavities. The in- 
terior cavity (see section of the instrument fig. 11.) 
into which the substances submitted to experiment are 
put, is composed of a grating or cage of iron wire, sup^ 
ported by several iron bars. Its opening or mouth LM 
is covered by the lid HG, which is composed of the 
same materials. The middle cavity Ihhh is filled with 
ice. This ice Is supported by the grate mm^ and under 
the grate is placed a sieve. The external cavity aaaa 
is also filled with ice. We have remarked already, that 


lie caloric of B Is — - or, when the water Is the hotter of the 

W" X ^ O T>1 1 ♦ T 

bodies mixed, the specific caloric of B is --- See Black s Lec^ 

* ^ — If 

iures^ i. 506. 

^ To form an adequate notion of the delicacy of Dr Crawford’s ex- 
periments, it will be necessary to peruse his own account of the precau- 
tions to which he had recourse. See his Experiments on Animal Heat and 
Combustion^ p. 96. Seguin, in his Essay on Heat, Ann. de Qbim. iii. 148^ 
has done lifede else than translate Crawford* 
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no caloric can pass through ice at 32^. It can enter Ice^ 
indeed, but it remains in it, and is employed in melting 
it. The quantity of ice melted, then, is a measure of 
the caloric which has entered into the ice. The exterior 
and middle cavities being filled with ice, all the water 
is allowed to drain away, and the temperature of the 
interior cavity to come down to 32°. Then the sub- 
stance, the specific caloric of which is to be ascertained, 
is heated a certain number of degrees, suppose to 212°, 
and immediately put into the interior cavity inclosed in 
a thin vessel. As it cools, it melts the ice in, the mid- 
dle cavity. In proportion as it melts, the water runs 
through the grate and sieve, and falls through the coni- 
cal funnel rtf* i and the tube x into a vessel placed be- 
low to receive it. The external cavity is filled with ice, 
in order to prevent the external air from approaching 
the ice in the middle cavity and melting part of it. The 
xvater produced from it is carried off through the pipe 
ST. The external air ought never to be below 32^, 
nor above 41 In the first case, the ice in the middle 
cavity might be cooled too low ^ in the last, a current 
of air passes through the machine, and carries off some 
of the caloric. By putting various substances at the 
same temperature into this machine, and observing how 
much ice each of them melted in cooling down to 52°, 
it was easy to ascertain the specific caloric of each. 
Thus if water, in cooling from 212° to 32°, melted one 
pound of ice, and spermaceti oil 0*5 of a pound; the 
•specific caloric of water ^was one, and that of the oil 0*5. 
This appears by far the simplest method of making ex- 
periments on this subject, and must also be the most 
accurate, provided we can be certain that all the melted 
snow falls into the receiver. But froia an experiment 
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c Mr Wedge wood, one would be apt to conclude th^t . 
t is does not happen. He found that the melted ice, 

: far from flowing out, ac tuall again, and choak- 
< I up the passage. 

A Table of the specific caloric of various bodies was 
! kewise drawn up by Mr Kirwan, and published by 
fagellan in his Treatise on Heat. Mr Meyer has late- 
^ published a set of experiments on the specific caloric 
F dried woods ; and Mr Leslie, in his Essay on Heat, 
as given us the result of his experiments on various 
Ddies. The experiments of Meyer were made by as- 
jrtaining the rate of cooling of the same bulks of dif- 
-Tent bodies. From this he deduced their conducting 
ower for heat ; and he considered the specific caloric 
s the reciprocal of the product of the conducting pow- 
r multiplied into the specific gravity of the body 
Ir Leslie likewise paade his observations by ascertain* 
ng the timp that vapour bo<^es of equal bulks took up 
a cooling in the sarne circumsutafjces* He then miiiti« 
died the proportional numbers thus got into the speci- 
ic gravity of the various bodies tried 
Mr D^ahon has also turned his attention to this import- 
int subject, and has lately published a table of the spe-r 
:ific heats of different bodies. His method was similar 
:o that employed by Leslie ; and Mr Dalton informs us 
bat he found tii.at method susceptible of considerable 
)recision. 


^ luct L be the conducting power, A the specific caloric, and M the 
specific gravity. According to Meyer we have A — Sec Amu A 
''him. HiXX. 46. 

f SfC Leslie on p. 340, 
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Book I. The following Table exhibits a view of the specific 
heats of various bodies, as they have been obtained bj 
different philosophers §- 


Table of 
specific ca- 
lorics^ 


L Gases. 

Hydrogen . . 
Oxygen . . . 
Common air . 
Carbonic acid 


Sp. Caloric. 

2X-4000* 

4-7490* 

1-7900* 

1-0454* 


Azote 0-7936* 

ir. Water. 

T ro-gooot 

L -SOOCa) 

Water . . , . . . 1*0000 
Steam 1*5500^ 

III. Saline Solutions. 


Carbonate of 
ammonia 
Sulphuret of 7 
amm. (0*818) 5 
Sulphate of 0 
magnesia . 1 > 
Water . ^ . 2 j 
Common salt 1 7 
Water . . . 8 ^ 
Ditto (1*197) . 
Nitre 1 
Water 8 
Nitre 1 
Water 3 _ 
Carbonate of 7 
potash (l*30) 5 


1*851+ 
0*95 (D); 

0*994+ 

0*844+ 

0*832+ 
0*78 (D)j 
0*81(57t 

0*646+ ! 

0*75 (D) 


Muriate of am- 
monia . ■ . 1 
Water . . 1*5 
Tartar . . l 
Water . 237*3 
Sulphate of 
iron . . 1 
Water . 2*5 
Sulphate of 
soda . 1 
Water . 2*9 
Alum . . 

W ater . . 
Nitric acid 
Lime , . . 
Ditto (l*40) . 
Solution of br 
sugar 

Ditto (l*17) . 



0*649+ 

0*6189t 
'. 0*62 (D) 
^ 0*086+ 

. 0*77(D) 


IV. Acids and Alkalies. 
Vinegar .... 0*92(D) 
rpale . . . 0*844+ 
(1*20) . 0*76(D) 

1-30 . . . 0-(i6(D) 
(1-355) O'STDt 
_(l-3fi). . 0-63(0) 


{ Instead of giving the average, ns in the former edition of this work, 
it has been thought more useful to insert tho result as obtained by each 
experimenter. 
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Sulph. 


Sp. Caloric. 

•(l-SS5) 0-758t 


1-844 

(l-8‘7) 


. 34 (L) 

0-35(D) 
0-3345t 
0*333 (a)' 
0*6e3lt 
0-603li 
0*5 2(D) 


Do. 4, Water 5 
Do. 4, do. 3 . 

Do. equal bulk^ ^ ^ 

Aceiicacid(l-05o)o •66(D) 
Potash (1-346) 0-759t 

. (0-997r> C o-708t 

(0-948) i 1-03(D) 

V. Inflammable Liquids 

0-930 (a) 


Alcohol ^ 


(*817) 


L(*848) 
Sulphuric e- 7 
ther (0-76) 5 

Oil of olives . 

Linseed oil • . 

Spermaceti oil 

Oil of turpent. 

Spermaceti . . 
Ditto fluid . o 




0 - 6666 * 

0- 64 (L) 
0-602* 
0'70(D) 

1- 086+ 
•16(D) 

0-66(D) 

0-718+ 
0-50 (L) 
0*528+ 
0-5000* 
0*52(D) 
0-472+ 
0-400 (a_)| 
0-399+ 
0.320(a) 


Sp. Caloric. Chap.H. 

Langs of a sheep 0-7690* -J 

Lean of ox-beef 0-7400* 

VIII. Vegetable Solids. 

Pinus sylvestris 0-65^ 

Pinus abies . . . 0-60^ 

Tilea Europaea . 0-62^ 

Pinus picea . . . 0-58^ 

Pyrus malus '. . 0-57ii 

Betula alnus . . 0-53^ 

Quercus robur 1 

sessilis 3 

Fraxinus excelsior 0 * 5 l^f 

Pyrus communis 0*50^ 

Rice . . . . 0*5060^ 

Horse beans . . 0*5020’^* 

DustofthepineJ 

tree 3 

Peas 0*4920^ 

Fagus sjlvatica . 0*49^ 

Carpinus betulus 0*48^ 

Betula alba . . . 0*43^ 

Wheat . . . . . 0*4770^ 

Elm . . . . . 0*47^ 

Quercus robur > _ ^ 

pedimculata 3 “ 

Prunus domestica 0‘44^ 

Diaspyrus ebenum 0 *43 ^ 

Barley 0*4210* 

Oats 0-41G0* 

Pit coal ^ 0 * 2 S(D} 

nt-coai . . . ^0-2177^ 

Charcoal .... 0*2(331* 


VI. Animal Fluids. 


c Arterial blood 
Venous blood 

Cows milk . 


Is 


1-0300* 
0-8928* 
9999* 
98(D) 


VII. Animal Solids. 
Ox-hide with hair 0*7870* 


Cinders 


0-1923' 


•3^ 


IX. Earthy Bodies, 
Stoneware and Glass. 
Hydrate of lime 0*40(D) 

■ • • {o-VJS^ 

r o*3o(D) 
Quicklime . . ^0*2229* 
/o-2168|; 


560 


^ANTITY OF CALORIC. 


r Book I. 

Sp. Caloric. 

fDivision II. Ashes of pit-coal 

0-1855* 

Ashes of dm . . 

0-X402* 

Agate 

0-195$ 

Stoneware . . . 

0-19.5+ 

Crownglass . . 

0 - 200 (a) 

Crystal ... . 

0-1929J 

Swedish glass , . 

0187$ 

Flint glass 

1 

C0-19(D) 

^0-174+ 

X. Sulphur . I 

$ 0-19(D) 
(0-183+ 


Muriate of soda . 0-23(D) 


XL Metals. 


Platinum 


Iron 


Bras . . 


Copper , 

Sheet iron 
Gun metal 
Nickel . 

Zinc . . 
Silver , . 


Tin 


Antimony . 
Gold . . . 
I.ead . . a 
Bismuth . . 
Mercury . 


Sp. Caloric. 
"0-086+ 

J 0-0645* 

] 0-063$ 

■ 0 06(D) 
0-050§ 
0-05(D) 
0-050+ 
j 0-0352* 

J 0-042$ 
0-04(b) 
r 0.043$ 

I 0-04(I>) 

( 0-033+ 

J 0-03 '7* 

] 0-0290t 
0-0496(D) 


XII. Oxides. 

Oxide of iron. . 0-320+ 
Rust of iron . . O-2500* 
Ditto nearly free! 

from air S 

White oxide of 
antiiTj. washed 5 
Do. nearly freed } 
from air 

Oxide of copper, 7 

3 

Oxide of lead and 7 
tin 


7 0-220f 
3 0*22'^ 

]' 


■ 0-1666'^ 


0*2272^ 


0*102f 


Oxide of zinc, do. 0*13 c> 9^'* 
OxideoftinnearO 
ly (reed from ^ 
air 3 

Yellow oxide of ? O'OdSO’^ 
lead, do. 3 


* Crawford ; f Kirwan ; t I:^avoi8ier and Lapia. c ; ^ Wikke ; f Meyer; 
{[L) Leslie; Count Rumford ; (D) Dalton, Xew System of Cbemscut 
p, 6 %, (a) Irvine. Mssays^ip, 84 and 88. 
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The specific heats of the gases contained in the pre« 
ceding table, were determined by Dr Crawford with 
®Tiuch ingenuity and patient industr;^ ; yet from the ex- 
treme difficulty of the subject, there is little reason for 
believing that the results which he obtained are very* 
near approximations to the truth. If any confidence can 
be put in the hypothesis of Gay-Lussac, we are certain 
that some of the numbers of Crawford must be very er- 
roneous. When the density of any gas is suddenly 
changed, it always undergoes a corresponding change 
of temperature. If the gas becomes rarer, a thermo- 
meter placed in it sinks ; but if the gas becomes den- 
ser, or if it rushes into a vacuurh, the thermometer 
rises. Now Gay-Lussac supposes, that in these cases 
(other things being equal) the change of temperature 
will be proportional to the specific heat of the gas.- He 
procured two globular glass vessels of the same capa- 
city, put into each a delicate spirit thermometer, then 
exhausted each iDy means of an air-pump, filled one of 
them with the gas to be examined, and after waiting 
till they had acquired the temperature of the room, 
opened a communication between them by means of a 
stopcock and tube, so contrived that the aperture could 
be diminished at pleasure, in order that each gas might 
be made to occupy the same time in passing from the 
one vessel to the other. The thermometer in the full 
glass vessel immediately subsided, while that in the va- 
cuum rose; and in Gay-Lussac’s experiments the fall of 
the one thermometer was very nearly the same as the 
rise in the other. The greatest change of temperature 
Was produced when hydrogen gas was employed: com- 
mon air produced a smaller change than hydrogen, oxy- 
gen gas a smaller change than common air, and carbcH 
VoL L N n 
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Boole f. 
Division H, 


nic acid a smaller than oxygen gas. From, these expe- 
riments Gay-Lussac considers it as probable, that the 
greater the specific gravity of a gas, the less is its spe-«' 
cific heat Mr Dalton has lately turned his attention 
to the specific heats of gaspous bodies, and has calcu- 
lated, from data furnished by a theory of his, to be ex- 
plained in a subsequent part of this work, that the spe- 
cific heats of the different gases ought to be as in |he 
following Table, supposing as usual the specific heat of 


water zr X t* 


Gases. Sp. Caloric. 

Hydrogen gas.,.. •.•9*582 

Azotic 1*86S 

Oxygen 1*333 

Air ..1*759 

Nitrous gas.. ...0*777 

Nitrous oxide 0*549 

Carbonic acid... 0*491 

Ammonia ...1.555 


Carbureted hydro. 1*333 


Gases. Sp. Caloric. 

Olefiant gas. ...... ...1*555 

Nitric acid 0*491 

Carbonic oxide. 0*777 

Sulphurated hydro. 0*583 

Muriatic acid 0*424 

Aqueous vapour ....1*166. 

Ether vapour 0*848 

Alcohol vapour ......0*58(5 


Tf any confidence can be put in the accuracy of this 
table, it is clear that the hypothesis of Gay-Lussac is 
without foundation. Indeed, a few simple considera- 
tions on the phenomena of combustion, are sufficient to 
show us that the specific heat of gaseous bodies cannot 
be inversely as their specific! gravity. 

The following are the mo 3 t important points respect- 
ing the specific caloric of bodies hitherto investigated.. 

General re- I* Crawford made a great many experiments re-, 
suits. 


M‘em*d'^ArcueiI^ i, i8o. 

Neiv Systm of Chemical Phiktophyy p. 74f 
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lative to specific caloric of ik>dies at ditfcretit teta- . f ^ 
peratures, and the result of them was, that it is nearly 
permanent in the same body, while that body remains 
in the same state. His reasoning is founded upon two 
suppositions, neither of which have been sufficiently 
proved : i. That the mercurial thermometer is an ac- 
curate measure of heat j 2. That heat does not unite 
chemically to bodies* With these data he shows, that 
the specific caloric of water does not vary at different 
temperatures. And, finally, by mixing bodies at various 
temperatures with water, he established the permanen- 
cy of their specific calorics As this reasoning is 
founded on inadmissible suppositions, it is not quite le- 
gitimate. Mr Dalton has lately endeavoured to show 
that the specific heat of all bodies increases with their 
temperatute ; and his reasoning, though not quite con- 
clusive, is at least very plausible and probable.* 

2. Whenever a body changes its state, its specific ca- 
loric changes at the same time, Recording to the follow- 
ing law. When a solid becomes a liquid, or a liquid 
an elastic fluid, the specific caloric increases ; when an 
elastic fluid becomes a liquid, or a liquid a solid, the 
specific caloric diminishes* This very important disco* 
very was made by Dr Irvine, and applied by him, with 
much sagacity, to the explanation of a great variety of 
curious and important phenomena. 

3 . The specific caloric of bodies is increased by com- 
bining them with oxygen. Thus the specific caloric 
of metallic oxides is greater than that of metals, and of 
acids than of their bases. This fact was discovered by 


^ Crawford on Heai, p. 53, 
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Dr Crawford, and constituted the foundation of hig 
theory of animal heat. 

4. The specific caloric of oxygen is diminished when 
it enters into combination with inflammable bodies^ 
This was also established by Dr Crawford, though not 
n a manner quite so satisfactory. 


IT. Of the Absolute Quantity of Heat in 
Bodies. 

Thus we see that the relative quantity of caloric is 
very different in different bodies, even when they are o£ 
the same temperature by the test of the thermometer. 
It is obvious, therefore, that the thermometer is not 
capable of indicating the quantity of cdoric contained 
in bodies : since, npt to mention the specific caloric, the 
presence of the caloric which occasions fluidity is not 
indicated by it at all. Thus steam at 212° contains 
1000° more caloric than water at 212^^, yet the tempe- 
rature of each is the same. Is there then any method 
of ascertaining the absolute quantity of caloric which a 
body contains ? At what degree would a thermometer 
stand (supposing the thermometer capable of measuring 
so low), were the body to which it is applied totally 
deprived of caloric ? or. What degree of the thermome- 
ter corresponds to the real zero ? 

The first person, at least since men began to think 
accurately on the subject, who conceived the possibility 
of determining this question, was Dr Irvine of Glas- 
gow. He invented a theorem, in order to ascertain the 
real zero, which has, 1 know not for what reason, been 
ascribed by several writers to Mr Kirwan, 

1 It is obvious, that if the specific caloric of bo«. 
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ies continues the same at all temperatures, the abso- , , 

ite quantity of caloric in bodies must be proportional Hypotheses 
3 the specific cal:-^ic. Thus if the specific caloric of 
permaceti oil be only half of that of water, water must 
ontaiii twice as much caloric as spermaceti oil of the 
ame temperature. Let us suppose both bodies to be 
otally deprived of caloric, and that we apply to them a 
hermometer, the zero point of which indicates absolute 
:old or a total deprivation of heat. To raise the oil 
ind water one degree, we must throw in a certain 
quantity of heat, and twice as much heat will be ne- 
:essary to produce the effect upon the water as on the 
)il. To produce a temperature of two degrees, the 
same rule must be observed j and so on for three, 
four, and any number of degrees. Thus at all tempe- 
ratures the water would contain twice as much caloric 
as the oil. 

2 ^ This stipposition, that the specific caloric of bodies 
continues the same at all temperatures, was the founda- 
tion of Dr Irvine’s reasoning. He had ascertained, 
that when a body changes from a solid to a liquid, 
its specific caloric at the same time increases; and 
that the same increase is observable when a liquid 
is converted into an elastic fluid. The constancy of the 
specific caloric of bodies, on which he founded his the- 
ory, was true only while they remained in the same 
state. He supposed likewise, that when a solid body 
is converted into a liquid, the caloric absorbed without 
any increase of temperature, or the latent heat, is merely 
the consequence of the increase of the specific caloric of 
the body. Thus when ice is converted into water, 140^ 
of caloric are absorbed, because the specific caloric of 
water is so much greater than that of ice, as to require 
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140^ additional of caloric to preserve the same 
rature which it had when its specific caloric was less^ 
The same supposition accounted for the absorption of 
caloric when liquids are converted into dastic fluids. 

3. Dr Irvine’s theory of the absolute caloric of bo- 
dies depended upon these two opinions, which he con- 
sidered as first principles. The first gave him the ratio 
of the absolute calorics of bodies ; the second, the dif- 
ference between two absolute calorics. Haying these 
data, it was easy to calculate the absolute quantity of 
caloric in any body whatever. Thus let us suppose 
that the specific caloric of water is to that of ice as IQ 
to 9, and that when ice is converted into water the quan-^ 
tity of caloric absorbed is 140?, : Let US c^ll the absu*» 
lute quantity of caloric in ice at 32° x, it is pbyious that 
tile absolute caloric in water at 32® is == a? 140®. We 
have then the absolute caloric of ice rz x, that of watet 
= « + 140. But these quantities are to each other as 
10 to 9. Therefore we have this proportion 10 ; 9 : s 
.'v -f- 140 : By multiplying the extremes and means 

we get this equation 10A?=9a;ri’1260, from which 
we deduce ^ = 1260. Thus we obtain the absolute 
quantity of caloric in ice of 32®, and find it to amount 
to 1260. Water at 32® of course contains 14Q0 degrees 
of caloric. Or, to state the proposition differently ; as 
.the specific caloric of water is to that of ipe as 10 to % 
it is obvious that the 140 degrees of heat which are 
evolved when water is frozen are equal to -yJ^th of the 
whole heat in the water. Therefore the heat of the 
water is equal to 140 X 10, or J400. 

Such was the ingenious method proposed by Dr Jr^ 
vine for ascertaining the real zero, or the degree at 
which a thermometer would stand when plunged into a 
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body altogether destitute of caloric. We see, that by Chap, ii. ^ 
the above calculation it would be with regard to ice 
1260 degrees below 32° of Fahrenheits scale, or 1298 
degrees below 0. Dr Crawford, however, who made 
his experiments upon a different set of bodies, places 
the real zero at 1500^ below 0 of Fahrenheit. Mr 
Dalton, who has also turned his attention to the same 
question, has found the mean of his experiments to give 
6000° below the freezing point as the real zero 

4. Unfortunately the truth of the principles on which 
this theory of Dr Irvine is founded is by no means 
established. The first proposition, that the specific ca^ 
loric of bodies continues the same at all tempera- 
tures, has by no means been ascertained by experii- 
ments ; so far from it, that the very contrary has 
been proved by Dr Irvine himself to hold in the case 
of spermaceti and wax, and has been observed by Craw- 
ford in other cases f • But even if it did hold at all tem- 
peratures while bodies continue in the same state, still 
as every change of state is confessedly attended with 
a corresponding change of specific caloric, we have no 
right to affirm that the specific caloric is proportional to 
the absolute caloric. For instance, though the speci- 
fic caloric of ice be to that of water as 9 to 10, it does 
not follow that their absolute calorics bear the same pro- 
portion : nor can any reason be assigned for supposing 
that this ratio ought to hold, unless we suppose that ca- 
loric is incapable of uniting chemically to bodies ; in 
which case indeed it might be admitted. 

5. The second proposition, namely, that the caloric 


^ I\£w Sysism of chmkal pbllost^hy^')^* 97* 


f On Beat^ p. 47^- 
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loc^ I. absorbed by a bodj^ during its char^ge of state, is merc*^ 

- i ‘ Ij owing to the change of the specific caloric of the bo- 

dj, is equally unsupported by direct proof, and indeed 
cannot be admitted, if we allow that caloric is capable 
of combining chemically with bodies. . It assigns no 
reasoi! for the change of state which the body has unr 
dergone, while the theory of Dr Black accounts for that 
change. The 940 degrees pf heat which disappear 
when water becomes steam, according to Dr Irvine, are 
n\ereJy the consequence of the increased specific caloric 
of steam abeyc that of water. But why does water ber 
ceme steafii, and why does it show a tendency to absorb 
heat: before it has actually become steam ; a tendency 
causing it tg exert g force w'hich at last overcomes thp 
most powerful obstacles ? If the change be produced 
by the cotnbi nation of heat, as ail the phenomena an- 
nounce, then tJie hypothesis of Irvine is inadinissible- 
Accordiiigl V, both Irvine and Crawfovd laid .it dow^n as 
ail axiom, that heat is incapable of combining with 
bodies. 

d. Another set of phenomena from which Dr Irvine 
drew his conclusions, is more susceptible of investiga- 
tion. When bodies unite together cliemically, a change 
of temjierature is almost constantly produced ; the com- 
pound either giving out heat or absorbing it. Dr Ir- 
vine ascertained, by a variety of experiments, that the 
combination is attended with a similar change in tlie 
specific heat of the compound When the specific ca- 
loric increases, the compound generates cold 5 when 
the specific caloric diminishes, lieat is evolved. 


^ CVnvi'for.l «« Heat, p. 455, 
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He inferred, in conseqaence of his opinion formerly 
.explained, that the heat evolved or absorbed in these 
cases was proportional to the change of specific caloric, 
and the consequence of that change. ' Hence it was easy, 
knowing the specific caloric of two bodies before com- 
bination, the specific caloric of the compound, and the 
heat evolved or absorbed, to ascertain upon that hypo^^ 
thesis the absolute heat of the body. For example, let the 
specific caloric of two bodies before combination be 
12 : 2, and after it n: 1, it is obvious, that during com;- 
bination they must have parted with half of their absolute 
heat. Let the heat evolved be 700 ; then we know that 
the whole heat contained in the bodies is twice 700, or 
1400. Suppose equal weights of the two bodies A, B 
to be combined together. Let the specific caloric of A 
be C, and that of B, c ; and let the specific caloric after 
combination be then, accordingno Dr Irvine, 

we have C-j-c — K-j-i : i ; 1= the heat 

evolved : S = absolute heat,^’ Hence we have S =: 




_ If the weights of the bodies com- 
C ^ — h. — k 

bined be not equal, then let QJbe the weight of A, and 

^ that of B ; we have as before, C §' — K q 

ICKQ+Jkg') 

:l:S. Hence S_ 

This hypothesis can be true only on the supposifion 
that the quantity S, found by mixing substances toge- 
ther in different proportions, turns out always the same 
quantity. If it does not, the opinion falls to the ground. 
Thus if we mix together various proportions of water 
and concentrated sulphuric acid, the heat evolved at 
pch trial, compared with the change of the specific ca- 
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loric, ought to give us the same value of S. But from 
the experiments that have been made upon this subject^ 
it does not appear that any such constant value of S is 
observed. The experiments indeed of Gadolin ap«- 
proach somewhat to it, but those of Lavoisier and La- 
place are very anomalous, as will appear from the fol- 
lowing statement. 

From the experiments of Lavoisier and Laplace on 
a mixture of water and quicklime, in the. proportion 
of 9 to 16, it follows that the real zero is 3428^ be- 
low 0. 

From their experiments on a mixture of four parts 
of sulphuric acid and three parts of water, it follows 
that the real zero is 7262° below 0. 

Their experiments on a mixture of four parts of sul- 
phuric acid and five of water place it at 2598*^ below 0. 

Their experiments on gj- parts of nitric acid and one of 

1 Q O Q 

lime place it at below 32®, = + 23837® 

^ — 0*01783 

The mean result of Gadolin^s experiments on mix- 
tures of sulphuric acid and water, place it ai 2300^^ be- * 
low 0. 

Mr Dalton^s results vary from 4150^ to 1100® ; the 
mean of the whole places the real zero at 6l5of below 

32® t* 

Dr Irvi^e^s own experiments led him to fix the real 
zero at 900^ below 0. 

Dr Crawford, from his experimeiits, placed it at 1500® 
below 0. 

These results dijfFer from one another so enormously, 
and the last of those obtained by Lavoisier and Laplace, 


^ See Seguin, Am. de CLim, v. ^31. 

*}• A'f'w System of Clemicul rhUmphy, p. 97. 
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wbich places tlic real zero far above a red beat, is so ab» CHap. lu 
surd, that if we suppose them accurate, they are alone 
suiBcient to convince us that the data on which they 
are founded are not true. Nor can the hypothesis be 
maintained till the anomalies which they exhibit be ac^ 
counted for. 

7. Another method of determining the absolute quan- Mr Dalton*® 
tity of caloric in bodies has been lately proposed by hypothesis. 
Mr Dalton % a philosopher whose ingenuity and saga- 
city leave him inferior to none that have hitherto turn- 
ed their attention to this difficult subject. He supposes 
that the repulsion which exists between the particles 
of elastic fluids is occasioned by the caloric with which 
these particles are combined, and that it is always pro- 
portional to the absolute quantity of caloric so combi- 
ned. Now the diameter of the sphere over which the 
influence of a particle extends, is the measure of the 
repulsion, and it is proportional to the cube root of the 
whole mass. The repulsion exerted by the particles of 
an elastic fluid, at different temperatures, is proportion-r 


al to the cube root of the bulk of the fluid in these 
temperatures. Therefore, according to this hypothesis, 
the absolute quantity of caloric in elastic fluids, at dif- 
ferent temperatures, is proportional to the cube roots 
of these hulks at these temperatures. To give an ex- 
ample : The bulk of air at 55^ being 1000, its bulk at 
is 1325 ; therefore the absolute heat in air at 55^ 
is to its heat at 212® as ^VlOOO to ^ V1325, or nearly 
as 10 to 11. Let us call the absolute heat of air at 
55 ° X s then the absolute heat of air at 212® is x + 


^ Manchester Memoirs v. 
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15 T, This gives us the following proportion ; 10 : 11 
: : A? : a; -f- 157. Hence li a; =: 10 a? -f" 1570, and x == 
1570. Thus we obtain 1570 for the absolute heat in 
air at 55*^* Subtracting these 55 degrees, we have 
1515^ below 0 for the point of real zero*. 

Such is the hypothesis of Mr Dalton ; and the result 
which he obtained corresponds pretty nearly with Dr 
Crawford’s deductions from some of his experiments : 
But if it be applied to other temperatures, no such ex- 
act coincidence will be observed, as has been very well 
shown by an anonymous writer in Nicholson’s 
^a/ f. It appears from the examples there produced, 
that the higher the temperature at which the compari- 
son is made, the lower is the point obtained for the com- 
mencement of the scale of heat. But Mr Dalton has 
rendered it probable that this is owing to the thermo- 
meter not being an accurate measure of the scale pf 
temperature | ; for w^hen the temperature is corrected 
by Deluc’s experiments, the anomaly in one of the in- 
stances disappears. 

This hypothesis of Mr Dalton is founded on a sup- 
position which, though it cannot be demonstrated, is ne- 
vertheless exceedingly probable to a certain extent : for 
if elastic fluids owe their peculiar fluidity to heat, and 
if their increase of elasticity be proportional to their in- 
crease of heat, I do not see how it can be denied that 
the repulsion between the particles of these bodies is 
proportional to the caloric combined with them ; not, 
however, to the whole of their caloric, but to that por- 
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tion of it orilj which occasions their elasticity^ and Cha ^. IL 
which increases their elasticity. It is at present believed 
that the abstraction of heat is capable of converting 
elastic fluids into liquids, and even into solids. Mr Dal- 
ton himself is a supporter of this opinion, which, in the 
present state of our knowledge, scarcely admits of dis- 
pute. But the particles of liquids and solids do not re- 
pel one another, but possess a contrary property ; they 
attract one another ; yet they all confessedly contaia 
a great deal of beat. Were we then to^ convert elastic 
fluids into liquids, by abstracting heat from them,- we 
would deprive their particles of the repulsive force 
\vhich they exert, and yet leave a considerable quantity 
of caloric in them. It is not the whole of the caloric^ 
then, which is combined with the particles of elastic 
fluids, that occasions their repulsion, but only a part of 
it. Now surely it will not be said,«that the repulsive 
force of the particles of elastic fluids is proportional to 
that caloric which has no eftect in produckig^ the repul- 
sion, and which would remain in combinati-on, though # 
that repulsion were annihilated. It can only be pro-* 
portional to that portion of the caloric which occasions- 
repulsion. Mr Dalton’s hypothesis, then, only en- 
ables us to find out the quantity of caloric which occa- 
sions the elastic fluidity of the bodies in question, and 
by no means the whole of the caloric which they con-' 
tain, unless they were supposed to continue in the state 
of elastic fluids till deprived of all the heat which they 
contain except the last particle : which is a supposition 
that cannot be made. It does not even give us any 
precise notion of the caloric of elastic fluidity, unless 
wc ascertaipi the specific caloric of the body in question ^ 
ancj after we have done so, reduce the degrees of calo-t 


quantity of caloric. 


ric of fluidity to a known standard, as to the number of 
degrees which they would raise the temperature of 
xvater, supposing it not to change its state. This in« 
deed is absolutely necessary in all cases when we wish 
to speak definitely of the real zero : For as more heat 
is necessary to raise one body a certain number of de- 
grees than to produce the same change on another, sup- 
pose we were to deprive these bodies altogether of heat, 
and then to raise them both to a certain temperature, 
the number of degrees of heat added to both would 
be equal ; yet the absolute quantity of heat added to 
both would be very unequal. The term real zero can 
have no meaning whatever, as far as it alludes to the 
quantity of heat in bodies, unless wc always refer to 
some particular body, as water, and make it our 
standard. 

Thus it appears that none of the methods hitherto 
proposed are sufficient to enable us to discover the quan- 
tity of heat in bodies* At the same time, I have not 
the smallest doubt, from the known sagacity and preci- 
sion of Mr Dalton, that much curious and important 
information will result from his farther prosecution of 
the subject. 


III, Of Colb. 

Having pointed out the methods of ascertaining the 
relative quantity of heat in bodies of the same tempe-- 
rature, and explained the various hypotheses respect- 
ing their absolute heats, it remains for us only to make 
a few observations on the abstraction of heat from bo- 
dies, or on what in common language is called 
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When caloric combines with our own bodies, or sepa- 
rates from them, we experience, in the first ease, the 
sensation of heat ; in the second, of cold^ When I put 
tny hand upon a hot iron, part of the caloric leaves the 
iron, and enters my hand ; this produces the sensation 
of heat. On the contrary, when I put my hand upon 
a lump of ice, the caloric rapidly leaves my hand, and 
combines with the ice ; this produces the sensation of 
cold. The sensation of heat is occasioned by caloric 
passing into our bodies. The sensation of cold by caloric 
passing out of our bodies. We say that a body is 
hot when it communicates caloric to the surrounding' 
bodies ; we call it cold when it absorbs caloric from 
other bodies. The strength of the sensations of heat 
and cold depends upon the rapidity with which the ca- 
loric enters or leaves our bodies ; and this rapidity is 
proportional to the difference of the temperature be- 
tween our bodies and the hot or cold substance, and to 
the conducting power of that substance. The higher 
the temperature of a body is, the stronger a sensation 
of heat does it communicate ; and the lower the tempe- 
rature, the stronger a sensation of cold : and when the 
temperature is the same, the sensations depend upon the 
conducting power of the substance. 

Thus what in common language is called cold^ is no- 
thing else than the absence of the usual quantity of ca- 
loric. When we say that a substance is cold, we mean 
merely that it contains less caloric than usual, or that its 
temperature is lower than that of our bodies.. 

There have been philosophers, however, who main- 
tained that cold is produced, not by the abstraction of 
caloric merely, but the addition of a positive some- 
thing, of a peculiar body endowed with s-pecific qiiali.* 
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ties. This was maintaiaed by Miisclienbroeck and I>e 
Mairan, and seems to have been the general opinion of 
philosophers about the commencement of the 18 th cen- 
tury. According to them, cold is a substance of a sa- 
line nature, very much resembling nitre, constantly 
floating in the air, and wafted about by the wind in 
very minute corpuscles, to which they gave the name 
ofyrtgorzfic particles. 

They were induced to adopt this hypothesis, because 
they could not otherwise account for the freezing of wa- 
ter. According to them, these frigorific particles insi- 
nuate tliemselves like wedges between the molecules of 
water, destroy their mobility, and ^us convert water 
into ice. Dr Black, by discovering^e cause of the 
freezing of water, banished the frigorific';pa:fticles from 
the regions of philosophy ; because the advocates for 
them never brought any other proof for their existence 
than the convenience with which they accounted for 
certain appearances. Of course, as soon as these ap- 
pearances were explained without their use, every rea- 
son for supposing their existence was destroyed. 

The only fact which gives any countenance to the 
opinion that cold is a body, has been furnished by the 
following very curious experiment of Mr Pictet^’. Two 


* This cxperinientj or at, Icait a simiUr one, was made long ago, and 
is found in the Essays of the Academy del Cimeiito, tracislated by Wulkif 
in 1684, p. 103. The ninth experiment, of rdlectcd cold, thus rela- 
ted : “ We were willing to try, if a concave glass, ‘ict before a mass of 
500 lbs of ice, made any sensible repercussion of cold upon a very iiice 
thermometer of 400 degrees, placed in its focus. The truth is, it imme- 
diately began to subside; but,hy leas-m of the nearness of the ice, it 
was doubti ul wheiher the direct or reflected rays of cold were more effi- 
cacious ; upon this account, we thought of covering the glass, and (what* 



COLD 


■ 


.57t 


itfiacav'e tin mirrors being Jlac^d at the dist^ce ♦of lof * ^ 

feot from each pthe^^ a deM^te air thermometer 
was put into one of the foci, ^4 a glass matrass fall of 
snbw into the other. The thermometer sunk several 
degrees, and rose again when the matrass was remo^edi 
When nitric acid was poured upon the snow (which 
increases the cold), the thermometer sunk 5® or 6^ 
lowers Here ro/J seems to have jbeen emitted by the 
snow, and reflected by the mirrors to the thermometer^ 
which could not happen lunless cold were a substance. 

The experiment is certainly highly in terestingj and de- 
serving* a more accurate examination than has been hi- 
therto bestowed on it. > In order to explain it, We must 
recollect that calprlc is Qon s tan tly radiating from all 
bodies. It is evident that the temperature of the ther- 
mometer, like that of all other bodies, is maintained 
paridy by the irradiation of caloric from the surrounding 
bodiesi It must therefore, ^ since it is placed in the fo-t 
cus of one of the mirrors^ bcE#irff<^ted by whatever b^dy 
is placed ^ in the , focus of the other* If that body be 
colder than the surrounding bodies^ less caloric willjie 
irradiated from it, and thrown upon ' the thermometer j 
consequently the thermometer will be depressed till the 
deficiency is supplied by some other channel. Such 
nearly is the explanation of this singular fact offered by 
Prevost and Dr Hutton. But it cannot be denied that 
this explanation, ingenious as it is, is very far from 


tvet may be the cause) the spirit of wine did indeed presently begin to 
rise ; for all this, we dare not be positive but there might be some other 
cause thereof, besides the want of the reflection from the glass, since we' 
were deficient in making all the trials necessary to clear the experiment/* 
See Journals of the JHoyal Institution^ u 
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Being satisfactory, If Mt Leslie touM pfov^ that tlie 
it supposed rays of heat are aerial pulses,, hfe would ac-r 

count for the phefiotiieo a in a satisfactory isaatlner. 

A very great degree' of cold may Be produced by 
mixing together diflffettnt sfoMd§, Which sitddenly become 
liquid. The oau^ of this htis^^ be^^ alii^y eMplained. 
But as sdeh mixtures are often Othployed in chemistry^ 
in order to be able tO expose bodies fo the influence of 
a loir tempemture, it will be Wbfth WhHe to eniSmetate 
the dil&i?ent sfiibStanCes whi^ may be employed for 
that purpose^ and the degree of cold which each of themu 
is capable of producing^. 

Of freezing The first petsdu who ihade exp^ritneot!t oh fleezinM 

stiixtuses. * ^ ^ ® 

wts Pihf Bui the ^lje«Wsi^ 
^ihpktely iumtigatM by Mr Walker In rtridu^ 
paper! published ih the Phi^sf%Melal'^ ^rancactioni^ 
from 1 lo 1 iO 1 Screrdl curious additions have been 
made by Professor Lowiti, particularly the introduc-. 
tion of of Utfie^ which produces a very great de- 

gree of cold when mixed with snow The experi- 
m^ts of Lowita have been lately repeated and extend- 
ed by Mr Walker Tv The resuft of all these exj^ri- 
mehts lAay fee seen in the following Tafek:^^ which I 
transcribe from a paper with which I have been lately 
favbiifed'byMr Wdfcer. 


* Mn. deQJjim, xxii, a97rand xxu:.,2§JU 
1 It lit Trans. l8oi, p. xao. 
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ulphate of soda ........ 5 From +50" to -f s'*. 

)iluted su lphuric acid . 4| . . . 

N B. If the materials are mixed at a tvarmer temperature than that 
^pressed in the table, the eflfect will he proportionably greater; thus, if 
;he most powerful of these mixtures be made, ■when the air is +^5^? ^ 
js-ill sink the thermometer to + 
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Frigorific Mixtures Ice. 


Mixtures. 


Farts. 

Snow, or pounded ice 2 
Muriate of soda . . 1 


Snow, or pounded ice . 5 
Muriate of soda ..... 2 
Muriate of ammonia . . 1 


Snow, or pounded ice 24 i 
Muriate of soda . . . lo 

Muriate of ammonia . . 5 
Nitrate of potash.^ •/ 3 


Snow, or pounded«dce 12 

Muriate of soda 5 

.Nitrate of ammOnia . . 5 


Snow 3 

Diluted sulphuric acid 2 


Snow S 

Muriatic acid ^ 


Thermometer sinks. 


Degree of 
cold 

produced. . 


Snow . • 7 

Diluted nitric acid ... 4 


Snow 4 

Muriate of lime ..... 5 



^ From +32® to — 50^ 


Chryst. muriate of lime 3 


Snow / 3 ^ ^ 

Potash 4 +32“ to —51“ 
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table III. 


Comhinations of Frigorific Mixtures* 


Mixtures. 

Thermometer sinks. 

Degree of 
cold 

produced 

Parts. 

Phosphate of soda ...... 5 

Nitrate of ammonia ... 3 
Diluted nitric acid ...... 4 

From 0® to — 34® 

34 

Phosphate of soda 3 

Nitrate of ammonia ... 2 
Diluted mixed acids ... 4 

From — 34'%o — 50® 

16 

Snow q 

Diluted nitric acid ....... 2 

From G® to — 46 ® 

46 

Snow 8 

Diluted sulphuric acid 3 7 
Diluted nitric acid ... 3 ) 



Snotv .......4............. 1 

Diluted sulphuric acid . 1 * 

From —20® to —do® 

4.0 

Snow 3 

Muriate of lime 4 

From -f-20® to . — 48® 

68 



64 

Snow 2 

Muriate of lime 3 

From — 15“^ to — 68° 

53 

Snow * 1 

Chryst. muriate of lime 2 

From 0® to — 66® 

66 

Snow 1 

Chryst. muriate of lime 3 

From —40® to — 73® 

33 

Snow 8 

Diluted sulphuric acid 10 

From — 68® to — pl® 

23 

^ — \ 
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In order to produce these effects, the salts employed 
must be fresh crystallized, and newly reduced to a very 
fine powder. The vessels ip whicli the freezing mix- 
jture is niacje should be very thin, and just large enough 
to hold it, and the materials should be mi:^ed together 
ps qpichly as possible. The materials to be employed 
in order to produce great cold ought to be first reduced 
to the temperature marked in the Table, by placing 
them in some of the other freezing mj3j:tures ; apd then 
they are to he mixed tqgether in a similar free 2 ,mg mix- 
ture. If, fqr instance, we wish to produce a cold = 
—46^, the snSw stnd diluted nitric acid pughj^ to he 
cooled down to by putting the vessel whieh codt 
tains each of them into the freezing iP th^ 

second Table before they are mixed together. ■ if a still 
greater cpld is reqRiredi the m aerials to prodpce it are 
to he brought to the proper tepiperature by being pre- 
viously placed in the second freezing mixture. This 
process is to be continued till the re q^uired, degree of 
cold has been procured 


SECT. III. 

pr xp SOP^CES OF CALORIC. 

JIavi^P in the pfeced^^g Sections examined the na- 
ture, properties, and effects of caloric, as far as the sub- 
|ect has been hitherto investigated, it now only remains 

$ yf&lktTi jPM, Irani. 17 $S^ ’ 
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£ar US to consider tnethods by ^hicb calo- 

ric may be evolved or made sensible, or the differemt 
'.sources frpm which it may be obtained. These sources 
may be reduced to five : It eradiates constantly from 
i;he sun;; it is evolved during combustion.; and it is ex- 
tricated in many cases by percussion, friction, and mix- 
ture. The sources of heat, then, are the sun^ comhus^ 
^ion, perc 2 £ssiwij friction^ mioctme* Let us consider each 
.of these sources in the. order in which we have enume- 
rated them- 
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1. The Suk. 


The sun, v/hich constitutes as it were the vital part Nature of 
-^f the whole solar 'system, is an immense globe, whose 
diameter has been ascertained by astronomers to 'be no 
less than ^88,24® mil^ and which .contains about 
188,928 times as pmeh ma^isr as the earth. Philoso- 
phers long supposed that this immense globe of matter ‘ 
was undergoing a 'violent combustion; and to this 
cause they ascribed the immense quantity^of light and 
heat which are constantly separating from it. But the 
late very curious and important observations of Dr 
.Herscbel leave scarcely any room for doubting that this 
opinion is erroneous *. From these observations it fol- 
1 owa, that the sun is a solid opaque globe, similar to the 
earth or other planets, and surrounded d)y an atmosphere 
great density and extent. "In this atmosphere there 
float two regions of clouds : The lowermost of the two 
is opaque and similar to the clouds which form in our 
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atmosphere ; but the higher region of clouds is lumi-? 
nous, and emits the immense quantity of light to whichi. 
the splendour of the sun is owing. It appears, too, that 
these luminous clouds are isubject to various changes 
both in quantity and lustre. Hence Dr Herschel draws 
as a cbnsejjuence, that the quantity of heat and light 
emitted by the sun varies in different seasons ; and he 
supposes that this is one of the chief sources of the dif- 
ference betyyccn the temperatures of different years. 

1. From the experiments.of Herschel, Bockman, and 
Wollaston, it follows that the sun emits three kinds of 
rays 5 namely, calorific^ cbhrifid^ apd deoxidizing. Thp 
first occasions heaty the second cohwty and the third se- 
parates oxygen from various bodies. * 

When the solar ray s strike transparent bodies, they 
produce very little effect ; but opaque bodies are heated 
by them. Hence it follows that transparent bodies al- 
low these rays to pass through them ; but that they are 
detained, at least in part, by opaque bodies. The deep- 
er the colour of the opaque body, the greater is the rise 
of temperature which it experiences from exposure to 
the sun’s rays. It has been long known, that when co- 
loured bodies are exposed to the light of the sun or of 
combustible bodies^ their temperature is raised in pro- 
portion to the darkness of their colour. To ascertain 
this point. Dr Hooke made a curious set of experiments, 
which were repeated long after by Dr Franklin. This 
philosopher exposed upon snow pieces of cloth of diffe- 
rent colours (white, red, blue, black) to the light of the 
sun, and found that they sunk deeper, and consequently 
acquired heat, in proportion to the darkness of their co- 
lour. This experiment has been ' repeated with more 
precision by Mr Pavy. He exposed to the light six 
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€<|ual pieces of copper paiit^ yellow, red, green. Chap. IL 
blue, and black, in such a ni^ner that only one side of 
the pieces was illuminated. To the dark side of each 
was attached a bit of cerate, which melted when heated 
to 7d^. The cerate attached to the blackened copper 
became first fluid, that attached to the blue next, then 
that attached to the green and red, then that to the yel- 
low, and last of all, that attached to the white Now 
it is well known that dark coloured bodies, even when 
equally exposed to the light, reflect less of it than those 
which are light- coloured ; but since the same quantity 
falls upon each, it is evident that dark- coloured bodies 
must absorb and retain more of it than those which are 
light-coloured. That such an absorption actually takes 
place is evident from the following experiment. Mr 
Thoipas Wedgewood placed two lumps of luminous or 
phosphore^ceAl marble on a piece of iron heated just 
under rednes$. One of the lumps of marble which was 
blackened over gave out no light ; the other gave out a 
great deal. On being exposed a second time in the 
same manner, a faint light was seen to proceed from 
the clean marble, but none at all could be perceived to 
come from the other. The black was now wiped off, 
and both the lumps of marble were again placed on the 
hot iron : The one that had been blackened gave out 
just as little light as the other f. In this case, the light 
which ought to have proceeded from the luminous 
marble disappeared ; it must therefore have been stop- 
ped in its passage out, and retained by the black paint. 

Now black substances are those which absorb the most 


'f Beddoes’s Ointrihutiansj p. 4. 
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light, and they are the bodies which are most heated bj 
exposure to light. Cavallo observed, that a thermome- 
ter with its bulb blackened stands higher than one which 
had its bulb clean, when exposed to the light of the 
sun, the light of day, or the light of a lamp*, Mr Pic- 
tet made the' same observation, and took care to ascer- 
tain, that when the two thermometers were allowed to 
remain for some time in a dark place, they acquired 
precisely the same height. He observed, too, that 
when both thermometers had been raised a certain num- 
ber of degrees, the clean one fell a good deal faster than 
the other f. 

3. The temperatiirc produced in bodlies by the direct 
action of the sun’s rays exceeds ; but a 

much higher temperature wo^ld. be produced if we 
were to prevent the heat communicated from being car- 
ried off by the sprroimding bodies. Mr Saussure made 
a little box lined with fine dry cork, the surface of 
which was pharred to make it black and spongy, in or- 
der that it might absorb the greatest possible quantity 
of the sun’s rays, and be as bad a conductor of caloric 
as possible. It was covered with a thin glass plate. 
When this box was set in the sun’s rays, a thermometer 
laid in the bottom of it rose in a few ipiputes tP 221^ • 
•while the temperature of the atmosphere was only 
75® t* Professor Robison constructed an apparatus of 
ihe same kind, employing three very thin vessels of 
flint glass, which transmit more caloric than any of the 
pther species of glass. They were of the same shape^ 
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arched above, with an interval of ^ inch between them* , , 

They were set on a cork base prepared like Saussiire’s, 
and placed on down contained in a pasteboard cylinder. 

With this apparatus the thermometer rose often in a 
clear summer day to 230% and once to 237®. Even 
when set before a bright fire, the thermometer rose to 
212 °% 

4. Such is the temperature produced by the direct 
rays of the sun. But when its rays are concentrated 
by a burning-glass, they are capable of setting fire to 
combustibles with ease, and even of producing a tem- 
perature at least as great, if not greater, than what can 
be procured by the most violent and best conducted 
fires. In order to produce this effect, however, they 
must be directed upon some body capable of absorbing 
and retaining them ; for when they are concentrated 
upon transparent bodies, or upon fluids, mere air for 
instance, they produce little or no effect whatever- 

Count Rumford has shown by direct experiment, that 
the heating power of the solar rays is not increased by 
concentrating them into a focus, but that the intensity 
of their action is occasioned by a greater number of 
them being brought to bear upon the same point at 
oncef. 

5. These facts, which have been long known, indu- 
ced philosophers to infer, that the fixation of light in 
bodies always raises their temperature. On the other 


* BlacVs Lectures, i. 547. When the apparatus was carried to a damp 
cellar beiore the glasses were put in their places, so that the air within 
was moist, the thermometer never rose above ao8°. Hence Dr Robison 
concluded, that moist air conduct]) better than dry ; a conclusion fully 
confirmed by the subsequent experiments of Count Rumford. 
f Jour, ds PMj. isi. 3;. 
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Division II. 


Owing to 
the fixation 
of caloric. 


hand^ it was known that the fixation of a certain qixan-^ 
titj of caloric always occasions the appearance of light ; 
for when bodies are raised to a certain temperature they 
always become red hot. Hence it was concluded that 
light and caloric reciprocally evolve each other ; and 
this was explained by supposing that they have the pro- 
perty of repelling each other. 

6 .. But the recent discoveries in this part of chemis- 
try have destroyed all the evidences on which these con- 
dusiotis were drawn. Not only light, but caloric also, 
radiates from the sun. We cannot therefore ascribe the 


rise of temperature to the absorption of light, but to the 
absorption of caloric j especially as the rays of the moon, 
though lumineus, occasion no rise of temperature. The 
facts, then, oblige us to Conclude, that the sun emits 
r-ays of caloric 9 that these rays are absorbed by opaque 
bodies, and detained by them ^ and that the absorption, 
other things being equal, is proportional to the darkness 
of the colour of the absorbing body. Thus it appears, 
that when a body is acted on by rays of caloric, the 
change of temperature depends upon its opacity and co- 
lour. In this respect caloric agrees with light. But 
when caloric is conducted to a body, its opacify or colour 
does not influence the subsequent change of tempera- 
ture. 


II. Combustion. 

Phenomenn There is perhaps no phenomenon more wonderful 
afeombus- in itself, more interesting on account of its utility, or 
which has more closely occupied the attention of che» 
mists, tlian co?}wmtimi. When a stone or a brick is 
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lieatedy it undergoes eha®ge, except an augment at icFn 
of temperature j arid wfcen left, to itself, it soon cools 
again and becomes as at first. But with combustible 
bodies the case is very different. When heated to a 
certain degree in the open air^ they suddenly become 
much' hotter of themselves, continue for a considerable 
time intensely hot, sending out a copious stream' of 
loric and light to the surrounding bodies. This emis- 
sion, after a certain period^ begins to diminish, and at 
last ceases altogether. The combustible has now un- 
dergone a mbst complete change ; it is converted into n 
substance possessing very different properties, and no 
longer capable of combustion. Thus when charcoal is 
kept for some time at the temperature of about 800®, it 
kindles,, becomes intensely hot, and continue to emits 
light and caloric for a long time. When the emission 
ceases, the charcoal has all disappeared, except an in- 
considerable residtmm of ashes j, being almost entirely 
converted into carbonic acid gas, which makes-its escape 
unless the experiment be conducted in proper vessels. 
If it be collected, it is found to exceed greatly m weight 
the whole of the charcoal consumed. 

1. The first attempt to explain combustion was crude 
and unsatisfactory* A certain elementary body, called 
Jlre^ was supposed to exist,, possessed of the property of 
devouring certain other bodies, and converting them into 
itself. When we set fire to a grate full of charcoal, we 
bring, according to this hypothesis, a small portion cf 
the element of fire, which immediately begins to devour 
the charcoal, and to convert it into fire. Whatever part 
of the charcoal is not fit for being the food of fire is left 
behind In the form of ashes. 

2. A much more ingenious and satisfactory hypothe- 
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Beok L 
Division II. 


Hooke’s 
theory of 
combus- 
tion. 


Adopted by 
Iv'^:^yow. 


SIS was piroposed in 1665 by Dr Hooke. According 
to this extraordinary man, there exists in common air a 
certain substance which is like, if not the very same 
with that which is fixed in saltpetre. This substance 
has the property of dissolving all combustibles ; but on- 
ly when their temperature is considerably raised. * The 
-solution takes place with such rapidity, that it occasions 
both heat and light; which in his opinion are mere mo- 
tions. The dissolved substance is partly in the state of 
air, partly coagulated in a liquid or solid form. The 
quantity of this solvent present in a given bulk of air is 
incomparably less than in the same bulk of saltpetre. 
Hence the reason that a combustible continues burning 
but for a shoft time in a given bulk of air: The solvent 
is soon saturated, and then of course the combustion is 
at an end. Hence also the reason that combustion sue-- 
ceeds best when there is a constant supply of fresh air, 
and that it may be greatly accelerated by forcing in air 
with bellows 

About tea years after the publication of Hookas ikTz- ’ 
crographia^ His theory was adopted by MayoVr, without 
acknowledgement, in a tract which he published at Ox- 
ford on saltpetre f. We are indebted to him for a num- 
ber of very ingenious and important experiments, in 
which he anticipated several modern chemical philoso- 
phers ; but his reasoning is for the most part absurS, 
and the additions which he made to the theory of Hooke 
are exceedingly extravagant. To the solvent of Hooke 
he gives the name oispiritus nitiio^aerciis* It consists. 


* Hook’s Mkrographiay p. T03. See also his Lampai, 
f Dc Sal-nitre ft Spirltu NUro-aert'o. 
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iie supposes, of very minute particles, which are con- . 
stantly at variance with the particles of combustibles,, 
and from their quarvds all the changes of things pro*- 
eeed. Fire consists in the rapid motion of these parti- 
cles, heat in their less rapid motion. The sun is mere- 
ly nitro- aerial particles moving with great rapidity « 

They fill all space. Theirmotion becomes more languid t 
according to their distance from the sun ; and when they 
approach neat the earth, they become pointed> and con- 
stitute cold 

3. The attention of chemical philosophers was soon Theory ol 
drawn away from the theory of Hooke arid Mayow to 
one of a very different kind, first proposed by Beecher, 
but new-modelled by his disciple Stahl with so much 
skill, arranged in such an elegant systematic form, and 
frirnisbed with such numerous, appropriate, and convin- 
cing illustrations, that it almost instantly caught the 
fancy, raised Stahl to the highest fank atnong philoso- 
phers, and constituted him the foiiridef of the Stahlian 
theory of combustion. 

According to Stahl, all combustible substances con- 
tain in them a certain body, known by the name of 
Phlogiston, to which they ovve their eombustibilify. 


^ Though Mayow’s theory was not originaij and though his additions 
to It be absurd, h^s tract itself displays great genius, and contains a vast 
number of new views, which have been fully confirmed by the recent 
discoveries in chemistry. He pointed out the cause of the increase of 
weight in metals when calcined ; he ascertained the changes produced 
upon air by respiration and combustion; and employed in his researches? 
an apparatus similar to the present pneumatic apparatus of chemists. 
Perhaps the most curious part of the whole treatise is his fourteenth chap- 
ter, in which he displays a much more accurate knowledge of affinHiu^ 
than any of his contemporaries, or even successors for many years. 
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Book I. This substance is precisely the same ia all combusts^ 

. - - / bles. These bodies of course owe their diversity to 

other ingredients which they contain, and with which 
the phlogiston is combined. Combustion, and all its at- 
tendant phenomena, depend upon the separation and dis- 
sipation of this principle ; and when it is once separated,* 
the remainder of the body is incombustible. Phlogis- 
ton, according to Stahl, is peculiarly disposed to be af- 
fected by a violent whirling motion. The heat and the 
light, which make their appearance during, combustion^ 
are merely two properties of phlogiston when in this 
state of violent agitation. 

Improved., 4. The celebrated Macquer, to whose illustrious la- 
bours spye^al of the most important branches of chemis- 
try owe their existence, was one of the first persons 
who perceived a striking defect in this theory of Stahl. 
Sir Isaac Newton had proved that light is a body ; it 
was absurd, therefore, to make it a mere property of 
phlogistonor the element offire. Macquer accordingly 
considered phlogiston as nothing else but light fixed in 
bodies. This opinion was embraced by a great num- 
ber of the most distinguished chemists ; and many in- 
genious arguments were brought forward to prove its 
truth. But if phlogiston be only light fixed in bodies, 
whence comes the heat that manifests itself during com- 
bustion ? Is this heat merely a property of light ? Dr 
Black proved that heat is capable of combining with, 
©f* becoming fixed in bodies which are not combnstible, 
as in ice or water ; and concluded of course, that it is 
not a property but a body. This obliged philosophers 
to take another view of the nature of phlogiston. 

5. According to them, there exists a peculiar matter. 


tsttitmeiy subtilfc, capable ef pefaetiatitig the densest 
bodies, astonisbiiigly elaSiCj dhd the cause of heat; 
light, rh^gnetisiB, ekctri'city,, And even of gravitation* 

This matter, the etbir of Hooke and Newton^ is alsd 
the substance called phlogiston, which exists in a fixed 
state in coitabustible bodies. When set at liberty^ S 
gives to th5e ^bstances called caloric and light thosd 
peculiar motioils which piroducb in us the sensations of 
heat and light. Hence the appearance of caloric and 
light in cvfery case bf cofnbustibn ; hence, tob, the rea- 
son that a body alter combustion is heavier than it wa^ 
before ; foir as phlogistbh is itself the cause of gravita- 
tion, it would be absurd to suppbSe that it possesses 
gravitation . It is more reasonable to consider it as en- 
dowed with a principle of levity* 

6. Some time after this last modification of the phlo- Modified 
gistie theot^, ib^r Priestley, who was rapidly extending 
the bounjAhfies of pneOmatic chemistry^ repeated many 
experiments formerly i^de on combustion by Hooke, 
Mayow, Boyle, arid Hales, besides adding many of his 
own* He soon found, as they had done before him^ 
that the air in which combustibles had been suffered to 
burn till they were extinguished, had undergone a very- 
remarkable change ; for no combustible would afters 
wards burn in it, and no animal could breathe it with- 
out suffocation. He concluded that this change was 
owing to phlogiston ; that the air had combined with 
that substance ; and that air is necessary to combustion, 
by attracting the phlogiston, for which it has a strong 
affinity. If so, the origin of the heat and light which 
appear during combustion remains to be accounted for^ 

VqLI. . Pp 
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Book I. since phlogiston, if it separates from the combusti'ble'' 
merely by combining with air, cannot surely act upon 
those bodies in what state soever we may suppose them* 
By Craw- 7. The celebrated Dr Crawford was the. first person 
who attempted to solve this difficulty, by applying to 
the theory of combustion Dr Black’s doctrine of latent 
heat. According to- him^ the phlogiston of the com- 
bustible combines during combustion with the air, and 
at the same time separates the caloric and light with 
which that fluid had been previously united. The heat 
and the light, then, which appear during combustion, 
exist previously in the aij?. This theory was very dif- 
ferent from Stahl’s, and certainly a great deal more sa- 
tisfactory. But Still the question. What is phlogiston ^ 
remained to be answered, r 

And Kir- 8 v Mr Kirwan, who had already raised himself to the 
first rank among chemical philosophers, by many im- 
portant discoveries, and many ingenious investigations 
of some of the most difficult parts of chemistry, attempt- 
ed to answer this question, and to prove that phlogiston, 
is the same with hydrogen. This opinion, which Mr 
Jvirwan informs us was first suggested by the discoveries 
of Dr Priestley, met with a very favourable reception 
from the chemical world, and was adopted either in its 
/ full extent, or with certain modifications, by Bergman, 

Morveau, Crell, Wiegleb, Westrumb, Hermbstadt, 
Karsten, Bewley, Priestley, and Delametherie. The 
object of Mr Kirwan was to prove, that hydrogen ex- 
ists as a component part of every combustible body; 
that during combustion it separates from the combusti- 
ble body, and' combines with the oxygen of the air. This 
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le attempted in a treatise published on purpoise, intitled,' 
4n Essay on Phlogiston and the Constitution of Acids 



* I have omitted, in the historical view given in the tejct, the hypb- 
iiesis published in 1777 by Mr Scheele, one of the most extraordinary 
len that ever existed. When very young, he Was bound apprentice to' 
n apothecary at Gottenburgh, where he first felt the impulse of that ge- 
ius which afterwards made him so conspicuous. He durst not indeed 
evote himself openly to chemical experiments; blithe ton’trived to mate 
limsclf master of that science by devoting those hours to study whkh 
vere assigned him for sb^ep. He afterwards went to Sweden, and settlfed 
s an apothecary at Koping. Here Bergman first found him, saw his 
nerit, and encouraged it, adopted his opinions, defended him with zeal* 
md took upon himself the charge of publishing his treatises. Encouraged 
ind, excited by this magnanimous conduct, the genius of Scheele, though 
anassisted by education or wealth, burst forth with astonishing lustre ; 
md at an age when most philosophers are only rising into notice, he had 
inished a career of discoveries which have no parallel in the annals of 
:Kemistry. Whoever wishes to behold ingenuity combined with simpli- 
city, whoever wishes to see the inexhaustible resources of chemical ana- 
lysis ; whoever wishes for a model in chemic^ researches~has only to 
peruse and to study the works of Scheele. . . 

In 1777, Scheele published a treatise, entitled Chemxcat Mxftemekfs on. 
Air and Fite, 'which perhaps exhibits a more striking display of the ex- 
tent of his genius than all his other publications put together. After a 
vast number of experiments, conducted with astonishing ingenuity, he 
concluded, that caloric is composed of a certain quantity ,pf oxygen com- 
bined with phlogiston ; that radiant heat, a substance which he supposed 
capable of being propagated in straight lines like light, and not capable 
of combining with air, is composed of oxygen united with a greater quem- 
tity of phlogiston, and light of oxygen united with a still greater quan- 
tity. He supposed, too, that the difference between the rays depends upon 
the quantity of phlogiston : the red, according to him, contains theleast ; 
the violet the most phlogiston. By pbhgtsion, Mr Scheele seems to have 
meant hydrogen. It is needless therefore to examine his theory, as it is 
now known that the €nmbinati<m of hydrogen and oxygen forms, ntjt. ca- 
loric but water. The whole fabric, therefore, has tumbled to .the ground ; 
but the impoftance of the materials will always be admired, and the 
ruins of the structure must remain eternal monuments of the g^iiinsof 
the builder. 


59-6 


SOURCES 0T caloric; 


Book I g. During these different modifications of the StahlL 
ian theory, the illustrious Lavoisier was assiduously oc« 

Refuted by in Studying the phenomena of combustion « He 

Lavoisier. ^ o jt ^ 

seems to have attached himself to this subjeet^ and to 
have seen the defects of the prevailing theory as early 
as 1770. The first precise notions, however, of what 
might be the real nature of combustion, were suggested 
to him by Bayen^s paper on the oxides of mercury, 
which he heard read before the Academy of Sciences 
in 1774<. These first notions, or rather conjectures, he 
pursued with unwearied industry,, assisted by the nu- 
merous discoveries: which were pouring in from all 
q,uarters i and by long series of the most laborious- 
and accurate experiments and disquisitions ever exhibit- 
ed in chemistry,, he fully established the existence of 
this general law — ‘^‘ In every case of combustion, oxy- 
gen combines with the burning body.’’ This noble dis- 
covery, the fruitof genius,industry, and penetration, has* 
reflected new light on every branch of chemistry, has* 
connected and explained a vast number of facts former- 
ly insulated and inexplicable, and has new-modelled the 
whole, and moulded it into the form of a. science. 

After Mr Lavoisier had convinced himself of the ex- 
istence of this general law,, and had published his proofs- 
to the world,. it was some time before he was able to gain 
a single convert, notwithstanding his- unwearied assidu- 
ity, and the great weight which his talents, his reputa- 
tion, his fortune,, and his situation naturally gave him. 
At last Mr Berthollet,,at a meeting of the Academy of 
Sciences in 1785, solemnly renounced his old opinions, 
and declared himself a convert. Mr Fourcroy, profes- 
sor of chemistry in Paris, followed his example- And 
in i787,.Morveau, during a visit to Paris, was prevail- 
ed anon to relinquish his former oninions. and embrace 
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®[Ose o'f Lavoisier and his friends. The example of ^ Chap, ii. 
these celebrated men was soon followed by all the young 
chemists of France, 

Mr Lavokief’s explanation of combustion depends 
upon the two laws discoveredjby himself and Dr Black, 

When a combustible body is raised to a certain tempe- 
rature, it begins to combine with the oxygen of the at- 
mosphere, and this oxygen during its combination lets 
go the caloric and light with which it was combined 
while in the gaseous state* Hence their appearance 
during every combustion. Hence also the change 
which the combustible undergoes in vconsequence of 
combustion. 

Thus Lavoisier explained combustion without having 
recourse to phlogiston ; a principle merely supposed to 
•exist, because combustion could not be explained with- 
out it. No chemist had been able to exhibit phlogis- 
ton in a separate state, or to give any proof of its ex- 
istence, excepting only its conveniency in explaining 
combustion. The proof of its existence consisted en- 
tirely in the impossibility of explaining combustion with- 
out it. Mr Lavoisier, therefore, by giving a satisfacto- 
ry explanation of coiubustion without having recourse 
to phlogiston, proved, that there was no reason for sup- 
posing any such principle at all to exist, 

lOo But the hypothesis of Mr Kirwan, who made 
phlogiston the same with hydrogen, was not overturn- 
ed by this explanation, because there could be no doubt 
that such a substance as hydrogen actually exists. But 
hydrogen, if it be phlogiston, must constitute a compo- 
nent part of every combustible, and it must separate 
from the combustible in every case of combustion. 

These were points, accordingly, which Mr Kir wan un- 
dertook to prove. If he failed, or if the very contraij 
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I. of his suppositions holds in fact, his hypothesis of^coursis 
fell to the ground. 

Lavoisier and his associates saw at once the imporU 
Ant uses which might be made of Mr Kirwan’s essay. 
By refuting an hypothesis which had been embraced by 
the most respectable chemists in Europe, their ca^ise 
would receive an eclat which would make it irresistr 
ible. Accordingly the essay was translated into' French^ 
and each of the sections into which it. was divided was 
accompanied by a refutation. Four of the sections 
were refuted by Lavoisier, three by Berthollet, three by 
Fourcroy, two by Morveau, and one b}^ Monge. And, 
to do the French chemists justice, never was there a re- 
futation more complete. Mr Kir wan himself, with that 
candour which distinguishes superior minds, gave up 
his opinion as untenable, and declared himself a con- 
vert to the opinion of Lavoisier. 

11. Thus Mr Lavoisier destroyed the existence of 
phlogiston altogether, and established a theory of com- 
bustion almost precisely similar to that which had been 
proposed long ago by Dr Hooke. The theory of Hooke 
is only expressed in general terms ; thai of Lavoisier is 
much more particular. The first was a hypothesis or 
fortunate conjecture which the infant state of the science 
did not enable him to verify ; whereas Lavoisier was 
led to his conclusions by accurate experiments and a 
train of ingenious and masterly deductions. 

According to the theory of Lavoisier, which is now 
l^avoisicr. almost generally received, and considered by chemists 
as a full e;»planation of the phenomena, combustion 
consists in two things : first, a decomposition ; second, 
a combination. The oxygen of the atmosphere being 
in the state of gas, is combined with caloric and light. 
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Daritig combustion this gzsis decomposed, it^ idiotic , Chap. n> 
and light escape, while its base combines with the coiUr 
bustible and -forms the product. This product is in- 
combustible ; because its base, being already saturated 
with oxygen, cannot combine with any more. Such is a 
short historical detail of the improvements gradually in- 
troduced into this interesting part of the science of che- 
mistry. Let usuGW take a mor^ particular view of the 


^subject. 

] 12, By combustion is meant a total change in the 
•nature of combustible bodies, accompanied by the co^ 
pious emission of heat and light. Every theory of 
combustion must account for these two things ; name- 
ly, the change which the body undergoes, and the emis- 
sion of heat and light which accompanies this change. 

13, Mr Lavoisier explained completely the first of DlfFcrence 
these plienomena, by demonstrating^ that in all cases 

oxygen combines with the burning body ; and that the 

f 1*1 • 1 t • r , . combustion, 

substance wmch remains behind, after combustion, is 

the compound formed of the combustible body and 

oxygen. But he did not succeed so well in accounting 

for the heat and the light which are evolved during 

combustion. Indeed this part of the subject was in a 

great measure overlooked by him. The combination 

oxygen was considered as the important and essential 

part of the process. Hence his followers considered the 

terms oxygenizement and yombustion as synonymous : 

but this was improper because oxygen often unites to 

bodies without any extrication of heat or light. In this 

way it unites to azote, muriatic acid, and mercury 5 

but the extrication of heat and light is considered as €$- 

'sential to combustion in common language. The union 

jof oxygen without that extrication is very diffexenl 
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from i^nicm wlieQ accompanied by it, botb iii tbc 
phenomena an4 in th^e product ; they ought therefore 
to be di$tinguishedp J employ tbp tefna ip. 

this Work in its usual acceptation. 

14- To. aepount for the emission of beat au.d Hght^ 
which constitutes a part of combustion, ]Mr Lavoisier 
had recourse to the theory of Dr Crawford, The heat 
and the light was combined with the oxygen gas, and 
separated from it, when that gas united to the combus- 
tible body. But this explanation, though it answers 
pretty well in common cases, fails altogether in others. 
Heat and light were supposed to be combined with the 
pxygen of the atmosphere, because it is in a gaseous 
state j and to separate from it, because it loses its ga- 
seous state, But as violent combustions take place when 
the oxygen employed is solid or liquid, as when it is in 
the state of a gas- Thus if nitric acid be poured upon 
linseed oil, or oil of turpentine, a very rapid combus- 
tion takes place, and abundance of caloric and light is 
emitted. Here the oxygen forms a part of the liquid 
nitric acid, and is already combined with azote ; or, ac- 
cording to the language of the French chemists, the 
azote has undergone comlustion. Now, in this case, 
the oxygen i^ not only in a liquid state, but it has also 
undergone the change produced by combustion* So that 
oxygen is capable of giving put caloric and light, not 
only when liquid, but even after combustion ; which is 
directly contrary to the theory. 

Farther: Gunpowder^ when kindled, .burns with great 
rapidity in close vessels, or under an exhausted recei- 
ver® This substance is composed of nitre, charcoal, 
and sulphur : the two last of which ingredients are 
combustible j the first supplies the oxygen, being com- 
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of citric ^cid pd potash^ Here ttie of ygea i$ Chap, n, ^ 
not only already oomjbijied iptli but forms ^ Qon^- 
ponent p^rt of a solid ; y^t a greater quantity of caloric 
^d light is ec^itted during the combustion, ^nd almost 4 

the whole product of the combustion is in the state of 
gas. This appears doubly inconsistent with the theo- 
ry ; for the caloric and light must be supposed to be 
.emitted from a soHd body during its conversion into 
gas, which ought to require more caloric and light for 
its existence in the gaseous state than the solid itself 
contained, 

1 S. Mr ^r ugnatelli, the celebrated professor of che- Removed 
faistry at ?avia, seems to have been the first who saw te^if 
this objection in its proper light*. He has endeavoured 
to obviate it in the following manner : According to 
this very acute philosopher, the substance commonly 
called combines with bodies in two states : 1, 

Ilctaining the greatest part of the caloric ^d light with 
^^hich it is comhin^d ]when in the silate of gas j Af- 
ter having let go, all the caloric and light with which it 
was combined. In the first state he gives it the name 
of thermoxygep, ,• in the second, of Thermoxy- 

gen exi 3 t$ as a component part, not only of ga$epus bo- 
dies, but also of several liquids and solids. It is only 
in those eases where thermoxygfcn is a component part 
of liquids or solids that caloric and light are emitted. 

All metals, according to him, combine with thermoxy- 
gen 5 those substances, on the contrary, which by com- 


^ BertKollet, In a note upon this passage in the first edition of this 
Work, infornss ns that the subject had been examined long before the 
period assigned in the text. See it k« 
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Book t bustion are converted into acids, combine with oxygen 

Division IJ. . . . . . 

This ingenions theory obviates the objection complete- 
ly, provided its truth can be established in a satisfacto- 
ry manner. But as the evidence for it rests almost eni- 
tirely upon its Convenience in explaining several difEcult 
points in the phenomena of combustion, we must con- 
sider it rather in the light of an ingenious conjecture 
than as a theory fully established f , 

Bodies dm« 16 , All bodies in nature, as far as combustion is con- 
Tu^pponers, cerned, may be divided into three classes ; namely, s2/p^- 

coinbusti- porters, combustibles, znd incombustibles ^ 
bleu, and m- ' 

combusti* By supporter's I mean substances which are not them- 
selves, strictly speaking, capable of undergoing combus- 
tion ; but their presence is absolutely necessary, in or- 
der that this process may take place. Combustibles 
and incombustibles require no definition. 

Supporters. Oxygen gas is the only simple supporter known ; but 
when incombustible bodies are united to oxygen, they 
•also become supporters. The only incombustible bo- 
dies which possess this property are az.ote and muriatic 
acidj. It was this singularity which induced me to 
separate these two substances from all the rest, and 
place them among the simple bodies. The first of these 
bodies unites with four doses of oxygen, the second 
with two. Thus we have one simple supporter and 
six compound 5 namely. 


* Ann. dc dim. xxi. l8a. 

■f The reader will find this theory very fully detailed in the Journal 
de Cbimh of Van Mens, vols. 2 d and 3fL I avoid entering into pajrticu- 
iars, because I can perceive no evidence whatever for the truth of mosjt 
■of the assertions which constitute this theory. 

t Perhaps mercury might be added to this list, I have failed in a-1! 
pir attempts to cause it to undergo corabusdon. v 
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1- Oxygen gas j 

2. Air; 
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3. Nitrous oxide ; 

4. Nitric oxide (nitrous gas) 

5. Nitric acid ; 

6. Oxymuriatic acid ; 

' 7. Hyper oxymuriatic acid. 

17. The combustibles are of three kinds ; namely^ 
simple, compound, * and oxides. The simple are the 
four simple combustibles described in the second Chap- 
ter of the first Division of this Part ; and the whole, or 
at least almost the whole of the metals. The com- 
pound are the various bodies formed by the union of 
these simple substances with each other ; most of which 
are denominated by terms ending in urety as the sul- 
phurets, phosphurets, carburets, &cc. ; and also the al- 
loys, and some other compounds which will be descri- 
bed hereafter. The combustible oxides consist of corri- 
binations of the combustible bodies, or their compounds 
with oxygen without undergoing combustion. They 
are very numerous, constituting the greater part of ani- 
mal and vegetable substances, 

18. During combustion the oxygen of the supporter Product^ 
always unites with the combustible, and forms with it 

a new substance, which I shall call a pT^duct of combus- 
tion. Hence the reason of the change which combusti- 
bles undergo by combustion, as has been sufficiently de- 
monstrated by Lavoisier. Now it deserves attention, 
that every product is always one or other of the three 
following substances: 1. Water; 2. An acid; 3. A me- 
tallic oxide. 

19 . Some of the products of combustion are capable Partial sup- 
of combining wdth an additional* dose of oxygen; but 
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this combination is never attended with the phenomena 
of combustion, and the product bj means of it is con- 
verted into a supporter » This is the case with several 
of the metallic oxides. Such compounds may be called 
partial supporters^ as it is only to a part of the oxygen 
which they contain that they owe that property^ The 
following oxides are partial supporters : 

1 . Peroxide of gold ; 

2. Peroxide of sHver ; 

3. Red oxide of mercury ; 

4. Peroxide of mercury ; 

5. Peroxide ofjiron ; 

Red and brown oxides of lead ^ 

U. Peroxide of manganese. 

These todies, however, never attract oxygen except 
from supporters^ 

20. Since oxygen is capable of supporting combustion 
only when in the supporters and partial supporters, it 
cannot be doubted that it is in a different state in these 
bodies from the state in which it exists mother bodies. 
Now as light and heat are always emitted during com* 
bustion, but never when oxygen combines without congi- 
bustion, it is natural to suppose that the oxygen of 
supporters contains either the one or the other of these 
bodies, or both of them while the oxygen of other 
bodies wants them altogether. 

I am disposed to believe that the oxygen of support- 
ers contains only caloric, while that body in other cases 
is wanting, or at least not present in sufficient quantity^ 
My reason for this opinion is, that the caloric which is 
evolved during combustion is always proportional to 
the quantity of oxjgen which combines with the bnrn^ 
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ing Body j but this is by no means thfe case with resjpect ^ C^ap. 
to light. Thus hydrogen combines with more oxygen 
than any other body ; and it is noW known, that the 
heat produced by the combustion of hydrogen is great- 
er than can be produced by any other method ; yet the 
light is barely perceptible. 

21 . It was long the general opinion of chemists, that ComBusd- 
light exists in a fixed state In all combustible bodies, 

The discoveries of Lavoisier induced the greater num- 
ber of them to give up this opinion^ on the supposition 
that combustion could be explained in a satisfactory 
manner without it.. Indeed the followers of that illus- 
trious philosopher considered it as incumbent upon 
them to oppose it with all their might j because the 
fixed light, which had been supposed to constitute a 
part of combustibles, had been unfortunately denominated 
pMogistdn ; a term which they considered as incompa- 
tible with truth. The hypothesis, however, was occa- 
sionally revived ; first by Richter and JDelametheriey 
and afterwards in a more formal manner by Gren. But 
little attention has been paid to it in this country till 
lately. The very curious phenomena observed by Mr 
Chenevix in his experiments on the hyperoxymuriatic- 
acid, induced him to incline to the same opinion; and I 
endeavoured to support it in some observations on com- 
bustion, which were published in Nicholson^s Journal 


^ Nicholson’s Journal^ 1803, p. lO. — Some very proper remarks were 
made upon these observations of mine by Mr Portal, and several objec- 
tions, which certainly deserve to be particularly considered- In prosecu- 
ting the subject farther, I have obtained some singular enough results,., 
which have indeed removed several objections that had occurred to me 
at peculiarly formidable; wjbik they have raised in their own room a greater, 
number of others which I could not have expected. 
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will appear exceedingly probable, if we recollect that 

the quantity which appears during combustion depends 
altogether upon the combustible • Phosphorus emits 
a vast quantity, charcoal a smaller, and hydrogen the 
smallest of all ; yet the quantity of oxygen which com- 
bines with the combustible during these processes, is 
greatest in those cases where the light is smallest. Be- 
sides, the colour of the light depends in all cases upon 
the combustible that burns ; a circumstance which could 
scarcely be supposed to take place unless the light were 
separated from the combustible. It is well known, 
too, that when vegetables are made to grow in the dark, 
no combustible substances are formed in them ; the pre- 
sence of light being absolutely necessary for the forma- 
tion of these substances. These facts, and several others 
which might be enumerated, give a considerable degree 
of probability to the opinion that light constitutes a 
component part of all combustible substances ; but they 
by no means amount to a decisive proof : nor indeed 
ivould it be easy to answer all the objections which 
might be started against this opinion. At the same 
time, it will be allowed that none of these objections to 
which I allude amount to a positive proof of the false- 
hood of the hypothesis. It is always a proof of the dif- 
ficulty of an investigation, and of the little progress 
which has been made in it, when plausible arguments 
can be brought forward on both sides of the question. 

22. Were we to suppose that the oxygen of support- 
ers contains caloric as a component part, while com- 
bustibles contain light, it would not be difficult to ex- 
plain what takes place during combustion. The com- 
jponent parts of the oxygen of supporters are two; 
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namely, 1. Abases 2* C^ric: ^The component parts . Chsp 
of combustibles are likewise two : namely, 1 , A base ; * 

2. Light. During combustion the base of the oxygen 
combines with the base of the combustible, and forms 
the product ; while at the same time the caloric of the 
oxygen combines with the light of the combustible, and 
the compound flies off in the form of fire. Thus com- 
bustion is a double decomposition; the oxygen and com- 
bustible divide themselves each into two portions, which 
combine in pairs ; the one compound is the product^ 
and the other the jSre which escapes. 

Hence the reason that the oxygen of products is un- 
fit for combustion. It wants its caloric. Hence the 
reason that combustion does not take place when oxy- 
gen combines with products or with the base of sup- 
porters. These bodies contain no light. The caloric 
of the oxygenjof course^ i$ not seppated, and no fire ap- 
pears. And this oxygen still. retailing ijts caloric, is ca- 
pable of producing combustion whenever a body is pre- 
sented which contains light, and whose base has an affi- 
nity for oxygen. Hence also the reason why a com- 
bustible alone can restore combustibility to- the base of 
a product. In aU such cases a double decomposition 
takes place. The oxygen of the product combines with 
the base of the combustible^ while the light of the conr- 
biistible combines with the base of the product. 

23. But the application of this theory to the pheno- 
mena of combustion is so obvious, that it requires no 
particular explanation. It enables us to explain, with 
equal facility, some curious phenomena which occur 
during the formation of the sulphurets and phosphu- 
rets. Sulphur and phosphorus combine with the me- 
tals and with some of the earths;. The combination k 
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; Boole I. not formed without the assistance of heat. This meltjff 
Division IL sulphur and phosphorus. At the instant of their 
combination with the metallic or earth bases, the com- 
pound becomes solid, and at the same time suddenly 
acquires a strong red heat, which continues for some 
time. In this case the sulphur and phosphorus act the 
part of a supporter 5 for they are melted, and therefore 
contain a great deal of caloric : the metal or earth acts 
the patt of a combustible ; for both contain light as a 
component part. The instant of combination, the sul- 
phur or phosphorus combines with the metal or earth ; 
while, the caloric of the one, uniting to the light of the 
other, flies off in the form of fire. The process there- 
fore may be called semicombusiion^ indicating by the 
term that it possesses precisely one half of the charac- 
teristic marks of combustion . 

To estimate the quantity of heat evolved during the 
burning of different combustibles is not only important 
in a philosophical point of view, but of considerable 
consequence also as an object of economy. A set of ex- 
periments on this subject was made by Lavoisier and 
Laplace. They burnt various bodies in the calorime- 
ter, and estimated the heat evolved by tlie quantity of 
ice melted in each experiment. Dr Crawford made a 
similar set of experiments. He estimated the heat e- 
volved by the increase of temperature which the water 
e±perienced with which he contrived to surround the 
burning bodies A still more numerous set of expe- 
riments has been made by Mr Dalton, chiefly on the 
heat evolved during the combustion of gaseous bodies. 


♦ See hh experiments on animal heat, p. 254, 3^0, 333, 




He filled a Uadder of holding 30,000 grains of 

water with the gas : this blazer was fitted with a stop- 
cock and a pipe. A tinned vessel was procured capa- 
ble of holding 30,000 grains of water ; the specific 
heat of which being ascertained,' and as much water ad- 
ded as made the specific heat 6f both equivalent to that 
of 30,000 grainjs of water, the gas vsras squeezed out of the 
bladder, lighted, and the extremity of the flame made to 
play upon the bottom of the tinned vessel. The quantity 
of heat evolved was estimated by the increase of tempera- 
ture produced ppon the water in the vessel The fol- 
lowing Table exhibits th^ result of all these experi- 
ments, estimating the.heat evolved by the quantity of ice 
which it would melt. The first column gives the sub- 
stance burnt, and one pound weight is always supposed 
to be consumed ; the second, the weight of oxygen in 
lbs. which umtes with the combustible during the pro- 
cess ; and tJie third the weight of ice in lbs. which was 
melted, according to the diflferent experimenters. 


* Daltpn*& N^ew Syjtfm £/* Chemcal p. 76. 
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From the nature of Mr Dalton’s experiments, the re- 
sults which he obtained mast be unavoidably rather too 
low, as a portion of the heat would be dissipated bj ra- 
diation. But from the simplicity of the method, and 
the facility of repetition which it afforded, there is rea- 
son to believe that the errors are not very material. 

From the Table it appears, that much more heat is 
evolved during the combustion of hydrogen than any 
other substance. The heat evolved is not proportional 
to the quantity of oxygen^ which combines with the 
combustible ; a fact which fs rather hostile to the sup- 
position that the whole of the heat evolved in combus- 
tion is furnished by the oxygen. 


Substances burnt, i lb. 

Oxygen 
consumed 
in lbs. 

Jee melted in lbs. j 

Lavoisier. 

Crawford. 

Dalton. 

Hydrogen 

& 

295 

48 0 

320 

Carbureted hydrogen 

4 



85 

Olefiant gas 

3-5 



88 

Carbonic oxide 

0-58 



25 

Oil 

3-5 

148 

89 

104 

Wax 

3-5 

133 

97 

104 

Tallow 

3-5 



104 

Oil of turpentine 




60 

Alcohol 




58 

Ether 

3 



62 

Phosphorus 

1-5 

100 


60 

Charcoal 

2'8 

96-5 

69 ^ 

40 

Sulphur 

1'3G 



,20: 

Camphor 




70 

Caoutchouc 


T 


42 



. ^KRCtlSSIOl^. 
ilL PEItCU^ioN'. 

It is well known that heat is produced by the ^perciis- 
sion of hard bodies against each; other. When a piece 
of iron is smartly and quickly struck with a hammer^ 
it becomes red hot ; and the production of sparjts by 
the colision of dint and steel is too familiar a fact to re- 
quire being mentioned. No heat, however, has ever been 
observed to follow the percussion of liquids, nor of soft 
bodies which easily yield to the stroke. 

1. This , evolution of caloric by percussion seeins to 

be the consequence of a permanent or temporary, con- 
densation of the body struck. The specific gravity of 
iron before hammering is 7*785 j after being hammer- 
ed, 7*840 : that of platinum before hammering is 19*50 ; 
after, it, , 

2. Now condensation ^CCms always to evolve caloric j 
at. least this is th® case , in bodies in which we can 
produce a remarkable and permanent diminution of 
bulk. When muriatic acid gas is absorbed by water, 
the liquid soon rises to the temperature of 100^ j and 

. a still higher temperature is produced when, ammonia- 
cal gas and muriatic acid gas concrete into a solid salt. 
When limestone is dissolved in sulphuric acid, a consi- 
derable heat is produced, notwithstanding the great 
quantity of carbonic acid which is set at liberty. And 
if we use pure lime instead of limestone^ a very violent 
heat takes place. Notv in this ease the acid and the 
Water which it contains are Convetled partly from li- 
quids to solids, and the bulk is much diminished. ,It is 
known also, that when air is suddenly condensed, a ther^ 
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fiadt I* momefcer snrroianded by it rises several degrees From 
the suddenness of the rise in this case, Mr Dalton has 
shown that a- much greater heat is evolved than is indi- 
cated by the thermometer^ From his experiments it 
follows,, that when air is suddenly condensed to half 
its bulk, its temperature is raised 50 degrees t* The 
same ch^ge takes place when air is suddenly admitted 
into a vacuum^ It can scarcely be doubted that a much 
‘gfeafer rise of temperature than 50 degrees is occasioned 
by the' condensation of air^ provided the fact mentioned 
by Mollet be precise,, that a small bit of linen, rolled 
up, takes fire when put into the narrow canal in which 
_ the lower extremity of a pump, for condensing air ge-- 
hcrally tefmih^^ » 

On the other hand, when a body is suddenly rarefied, 
its temperature is ldwfere'd; Mr Dalton has shown, 
that by pumping the air out of a receiver, its tempera^ 
ture sinks also 5Q° 

^ ^ ^ 3 . It is not difficult to see why condensation should 

\nd why. Q^^asion the evolution of caloric, and rarefaction the 
contrary. When the particles of a body are forced 
nearer each other, the repulsive power of the caloric 
combined with them is increased, and consequently ar 
part of it will be apt to fly off. Now, after a bar of 


^ Darwin, P^/ 7 . Tra/rj. 1788. 

f Manchester Memoirs ^ 5 1 5. 

t Pictet, ^biL Mag. xiv. 364, — Connected with this is the appcarancjc 
©f a nuall light in the air which surrounds the orifice of an air-gun when 
discharged in the dark. This curious phenomenon, which has not been 
explained in a satisfactory manner, was first observed by Mr Fletcher 
(Nicholson’s Journal, 1803, iv. ^80.), and afterwards by Mr Millet- 
See PhiL Mag. Ibid. 

^Manchester Memoin^y, 515 - 
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i M has been heated it is hiu:(^. . ^hap. IL^ 

; id brittler than befo|:e. ItJnust then hanre becoi 3 ie 
< inser, and consequently must have parted with caiu- 
: c. It is an additional confirmation of this, that the 
me bar cannot be heated a second time by percussion 
itil it has been exposed for some time to a red heat>, 

: is too brittle, and flies to pieces under the hammer. 

Fow brittleness seems in most cases owing to the ab- 
;nce of the usual quantity of caloric. Glass nnanmalm 
if or, which is the same thing, that has been cooled 
ery quickly, is always extremely brittle. When glass 
i in a^stato of fusion, there is a vast quantity of caloric 
ccumulated in it, the repulsion between the particles 
f which must of course be very great 5 so great indeed, 
hat they would be disposed to fly off in every direction 
vith inconceivable velocity, were they not confined by 
n unusually great quantity of caloric in the surround- 
ng bodies : cousiequentiy i^f diis surrounding ^l<^ic be 
emoved,^he caloric cf ^'glass off once, and 
note caloric will leave tbf glgss thau otherwijse wooM 
eave it, because the velocity of the particles must be 
^catly increased. Probably then the bfittleness of 
jlass is owing to the deficiency of caloric ; and we can 
scarcely doubt that the brittleness of iron is owing to 
the same cause, if we recollect that it is removed by the 
application of new caloric. 

4. It deserves attention, too, that condensation dimi- Condeiwa- 

. tion dimi- 

nishes the specific caloric of bodies. After one of the nishcssped- 

clay pieces used in Wedgewood’s thermometer has been 

heated to 120 ®, it is reduced to one half of its former 

bulk, though it has lost only two grains of its weight, 

and its specific caloric is at the same time diminished 
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one third But we can hardly conceive the speclfiG 
caloric oi a body to be diminished without an evolution 
of caloric taking place at the same time. 

5. These observations are sufficient to explain why 
caloric is evolved by percussion. It is forced but from 
the particles of the body struck with which it was fbr- 
merly combined. But a part of the caloric which is 
evolved after percussion often originates in* another 
manner. By condensation, as much caloric iS evolved 
as is sufficient to raise the temperature pf somb of the 
particles of the' body high enough to enable it to com-- 
bine with the oxygen of the atmosphere. The combi- 
nation actually takes place, and a great quantity of ad- 
ditional caloric is separated by the deeompositioh -of the 
gas. That this happens during the collision' of flint 
and Steel cannot be doubted; for the sparks produced 
are merely' small pieces of iron heated red hot by iini-^ 
ting with oxygen during their passage through the air^ 
as any one may convince himself by actually examin- 
ing them. Mr Hawksbee + and others have shown, 
that iron produces no sparks in the vacuum of an air- 
pump ; but Mr Kirwan affirms, that they are produced 
iinder common spring water. 

It is not so easy to account for the emission pf calo- 
ric op the percussion pf two incombustibles. In the 
last Chapter, mention was made of the light emitted 
during the percussion pf two stones of quartz, flint, 
felspar, or any other equally hard. Caloric is also 
emitted during this percussion, as is evident from the 
whole of the phenomenon. ‘Mr T. Wedgewood found, 


T „ Wedgewood, Ph’L Trans^ 1792, 


f Ibid. xxiv. zids^ 



mCTIOl?* 




a piece of window-glass, when t^rought in contact 
vith a revolving wheel of grit, became red hot at its 
joint of contact, and gave off particles which set fire to 
yunpowder and to hydrogen gas We must either 
suppose that all the caloric is produced by mere con- 
densation, which is not probable, or acknowledge that 
we cannot explain the phenomenon. This is almost the 
only instance of the evolution of caloric and light where 
the agency of oxygen cannot be demonstrated or even 
rendered probable. 

The luminous appearance which follows the percus- 
sion of certain bodies in vacuo^ or in bodies which are 
not capable of supporting combustion, seems to be con- 
nected with electricity ; for Mr Davy has observed that 
all such bodies are electrics. They are frequently also 
phosphorescent ; which property may likewise contri- 
bute to the effect f « . 


IV, Friction, 


Chap, ir. 


Caloric is not only evolved by percussion^ bht also 
by friction. Fires are often kindled by rubbing pieces friction, 
of dry. wood smartly against one another. It is well 
known that heavy-loaded carts sometimes take fire by 


the friction between the axle-tree and the wheel. Now Not owin 

to conden 

in what manner is the caloric evolved or accumulated aation, 


by friction? Not by increasing the density of the bo- 
dies rubbed against each other, as happens in cases of 
percussion 5 for heat is produced by rubbing soft bodies 


Pj&fV, Tram, 179^. 


f Jqut, of the Moyal Xmtit, 1 , 1(1^. 
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against each other ; the density of which therefore can-* 
not be increased by that means, as any one may con^ 
vince himself by rubbing his hand smajrtly against his 
coat. It is true, indeed, that heat is not produced by 
the friction of liquids ; hut then they are too yielding 
to be subjected to strong friction. It is not owing to 
the specific caloric of the rubbed bodies decreasing ; for 
Count Rumford found that there was no sensible de- 
crease nor, if there were a decrease, would it be suf- 
ficient to account for the vast quantity of heat which is 
sometimes produced by friction. 

Count Rumford took a cannon cast solid and rough 
as it came frotu the foundry ; he caused its extremity 
to be cut off, and formed, in that part, a solid cylinder 
attached to the cannon. inches in diameter and 9^^ 
inches long* It remained joined to the rest of the me- 
tal by a small cylindrical neck. In this cylinder a hole 
was bored 3*7 inches in diameter and 7*2 inches in 
length. Into this hole was put a blunt steel borer, 
which by means of horses was made to rub against its. 
bottom, ; at the same time a small hole was made in 
the cylinder perpendicular to the bore, and ending in 
the solid part a little beyond the end of the bore. This 
wis for introducing a thermometer to measure the heat 
of the cylinder* The cylinder was wrapt rotind with 
flannel to keep in the heat. The borer pressed against 
the bottom of the hole with a force equal to about 
10,000 lbs. avoirdupois, and the cylinder was turned 
round at the rate of 32 times in a minute. At the be- 
ginning of the experiment the temperature of the cy<* 


^ Nicholson’s /owrW, il. io6. 


lindeif af ^ cJ ^1:^ mMiitis^ ^lilt- lid 

made .960 revolut^^i ib femp^^tfre Was iSO^i The 
quantity of metallic dust <xr scales produced by tbis^d- 
tion amounted to 837 grains. Now, if we Were 
pose that all the caloric was cvolycd from these scales, 
,as they amounted to just part of the cylinder, they 
must haye given out 948^ to raise the cylinder and 
consequently 66360^ to raise it ljO® or to 130^, which 
is certainly incredible 

Neither is the caloric evolved during friction Owing 
to the Comhihition of oxygen with the bodies them-t 
selves, or any part of them. By means of a piece of 
clock-work, Mr Pictet made small cups (fixed on the 
axis of one of the wheels), to move round with consi- 
derable rapidity, and he made various substances rub 
against the outsides of these cups, while the bulb of a 
very delicate thermometer placed within them marked 
the heat produced- The whole machine Was of a size 
sufficiently small to be introduced into receiver of 
an air-pump. By means of this machine a piece of a- 
damantine spar was made to rub against a steel cup in 
air : sparks were produced in great abundance daring 
the whole time, biit the thermometer did not rise. The 
same experiment Was repeated in the exhausted recei- 
ver of an air-pump (the manometer standing at four 
lines) ; no sparks were produced, but a kind of phos- 
jphoric light was visible in the dark. The thermometer 
did not rise. A piece of brass being made to rub in 
the same manner against a much smaller brass cup in 
air^ the thermometer (which almost filled the cup) rose 
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Book 0*3®^ ^ut did not begin to rise till the friction was over* 
This shows' us that the motion produced in the air car- 
ried off the caloric as it was evolved. In the exhausted 
receiver it began to rise the moment the friction began, 
and rose in all 1*2° . When a bit of wood; was made 
to rub against the brass cup in the air, the. thermometer 
rose and on substituting also a wooden cup it rose 

2*1-, and , in the exhausted receiver 2*4°, and in air con- 
densed to atmospheres it rose 0*5° 

If these experiments be not thought conclusive, I have 
others to relate, which will not leave a doubt that the 
heat produced by friction is not connected with the de- 
composition of oxygen gas. Count Rumford contrived, 
with his usual ingenuity, to inclose the cylinder above 
described in a wooden box filled with water, which ef- 
fectually excluded all air, as the cylinder itself and the 
borer were surrounded with water, and at the same time 
did not impede the motion of the instrument. The 
quantity of water amounted to J 8*77 lbs. avoirdupois, 
find at the beginning of the experiment was at the tem- 
perature of 60°. After the cylinder had revolved for 
an hour at the rate of 32 times in a minute, the tempe- 
rature of the water was 107° ; in 30 minutes more it 
was 178° ; and in two hours and 30 minutes after the 
experiment began, the water actually boiled^ According 
to the computation of Count Rumford, the caloric pro- 
duced would have been sufficient to heat 26*58 lbs, a- 
voirdupois of ice cold water boiling hot ; and it would 
haverequired nine wax-candles of a modejrate size, burn- 
ing tvith a clear flame all the time the experiment last-^ 


f Pictet, sur Iff Feu, ch. ix. 
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ttd io hsivt produced as much heat. In this experiment 
all access qf water into the hole of the cylinder where 
the friction took place was prevented. But in another 
experiment, the result of which was precisely the same, 
the water was allowed free access *• 

The caloric, then, which appears in consequence of 
friction, is neither produced by an increase of the den- 
sity, nor by an alteration in the specific caloric of the 
substances exposed to friction, nor is it owing to the dc- 
GoiDposition of the oxygen of the atmosphere — Whence 
then ii it derived ^ This question cannot at present be 
answered: but thii is no reason for concluding, with 
Count Rumford, that there is no such substance as ca- 
loric at all, but that it is merely a peculiar kind of mo^ 
tion ; because the facts mentioned in the preceding part 
of this Chapter demonstrate the existence of caloric ag 
a substance. Were it possible to prove that the accu- 
mulation of didoriq by friction is incompatible with its 
being a substance, iu ^at case Gount Rumford *s conclu- 
sion would be a fair one ; but this surely has not been 
done. W e are certainly not yet sufficiently acquainted 
with the laws of the motion of caloric, to be able to af- 
firm with certainty that friction cannot cause it to ac- 
cumulate in the bodies rubbed. This we know at least 
.to be .the case with electricity. Nobody has been hi- 
therto able to demonstrate in what manner it is accu- 
mulated by friction ; and yet this has not been thought 
a sufficient reason to deny its existence. 

Irideed there seems to be a very close analogy be** 
tween caloric and electric matter. Both of them tend 
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ta diffuse. themseli^es equally, both of them dilate bo« 
dies, both of them fuse metals, and Both of them kindle 
combustible substances, Mr Achard has proved^ that 
electricity can be substituted for caloric even in those 
cases where its agency seems peculiarly necessary ; for 
he found, that by constantly supplying a certain quan- 
tity of the electric fluid, eggs could be hatched just as 
when they are kept at the temperature of ioa^. An 
accident indeed prevented the chickens from actually 
coming out ; but they were formed and living, and with- 
in two days of bursting their shell. Electricity has al-^ 
;sb a great deal of influence on the heating and cooling 
of Jbodies* Mr Pictet exhausted a glass globe, the ca- 
l^city of which was 120€*199 cubicinches,till die ma- 
nometer .within it stood at 1*75 lines. In the middle 
of this globe was su^ended a thermometer, which 
hung from the top of a glass rad fixed at the bottom of 
the globe, and going almost to its top. Opposite to the 
bulb of this thermometer two lighted candles were pla- 
ced, the rays of which, by means of two concave mir- 
rors, were concentrated on the bulb. The candles and 
the globe were placed on the same board, which was 
supported by a non-conductor of ele,ctricity. Two feet 
and a half from the globe there w^$ ap electrifying ma- 
chine, which comtrumicated with a brass ring at the 
mouth of the globe by means of a metal}ijc conductor^ 
This machine was kept worjking during the whole time 
of the experiment ; and consequently a quantity of elec- 
tric matter was constantly passing into the globe, which, 
in the language of Pictet, formed an atmosphere notoi^ 
ly within it, but at some distance round, as was evident 
from the imperfect manner in which the candles burned. 
When the experiment began, the thermometer stood at 
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It rose to t0*2® m The same experiment ^ it 
was repeated, but no ele<^ric natter thrown in ; the ther- 
mometer rose from 49*8? to 70*2° in 1050" ; so that the 
electricity hastened the heating almost a third. la the 
first experiment the thermometer rose only to 71*3% but 
in the second it rose to This difference was doubt- 
less owing to the candles burning better in the second 
than the first experiment ; for in other two experiments 
made exactly in the same manner, the maximum was 
equal both when there was and was not electric matter 
present. These experiments were repeated with this 
difference, that the candles were now insul^ited, by pla- 
cing their candlesticks in vessels of varnished glass* The 
thermometer rose in the electrical vacuum from 52*2^ 
to 74*7'^ in 105cy' j in the simple vacuum in 965^'. In 
the electrical vacuum the thermometer rose to 77® ; in 
the simple vacuum to It follows from these ex- 

periments, that when the globe and the candles com- 
municated with each other, electricity hastened the heat- 
ing of the thernaometer but that when they were in- 
sulated separately, it retarded it One would be apt 
to suspect the agency of electricity in the following ex- 
periment of Mr Pictet ; into cme of the brass cups for- 
merly described, a small quantity of cotton was put 
prevent the bulb of the thermometer from being broken* 

As the cup turned round, two or three fibres of the 
cotton rubbed against die bulb, and without any other 
friction the thermometer rose five or six degrees. A 
greater q^uantity of cotton being made to rub against 
the bulb, the thermometer rose 15^ t* 
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Division II. 

these facts, than that electricity, is very often concerned 
in the heating of bodies, and that probably some such 
agent is employed in accumulating the heat . produced 
by friction^ Supposing that electricity is actually a 
substance, and taking it for granted that it is different 
from caloric, does it not in all probability contain ca- 
loric as well as all other bodies ? Has it not a tendency 
to accumulate in all bodies by friction, whether conduc- 
tors or non-conductors ? May it not then be accumu- 
lated in those bodies which are rubbed against one ano- 
ther ? or, if they are good conductors, may it not pass 
through them during the friction in great (quantities ? 
May it not part with soine of its caloric to these bodies, 
icither on account of their greater affinity or some other 
cause? and may not this be the source of the caloric 
which appears during friction ^ 


V. Mixture, 


Mixtures 
change tem- 
perature. 


Water csf- 
•ential. 


It is well known that in a vast number of cases, when 
two substances enter into a chemical union, a change 
of temperature takes place. In some instances the mix- 
ture becomes colder, than before, while in others it be- 
comes much hotter. In the third division of the pre- 
ceding Section, a very copious list has been given of the 
first set of mixtures.. It remains for us to consider the 
nature of the second set, and to endeavour, if possible, 
to ascertain the cause of the change of temperature* 

1. It deserves particular attention, that water consti- 
tutes an essential part of almost all mixtQres in which a 
change of temperature takes place* The most remark- 
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ble" exceptions t 0 ^ this role are some of the gaseons bo- 
les, which when united together coiistitute a solid body, 

3 ammoniacal and muriatic acid gases. At the instant 
f union a very considerable heat is evolved. , But evte 
hese gaseous, bodies contain a considerable* proportion 
>f water, which in all probability contributes not a little 
0 the effect. 

2. In many cases the particular change of tempera- 
ure which is. produced by mixture depends upon , the 
proportion of water previously combined with one of 
:he ingredients ; for the same ingredients are capable 
either of producing heat or cold according to that pro- 
portion. It has been ascertained by the experiments of 
Mr Lowitz and Mr Walker, that when salts which con- 
tain a great deal of water in their composition, as car^ 
honate of soda^ sulphate of soda, muriate of lime^ &c, are 
dissolved in watery! the temperature sinks considerably ; 
and the fall is proportional to the rapidity of the solu- 
tion. But when the same salts, previously deprived of 
their water by exposure to heat, are dissolved, the tem- 
perature of the mixture rises considerably. 

3. It may be laid down as a rule to which there is no 
exception, that when the compound formed by the u- 
nion of two bodies is more fluid or dense than the mean 
fluidity or density of the two bodies before mixture, then 
the temperature sinks; but when the fluidity or the den- 
sity of the new compound is less than that of the two bo- 
dies before mixture, the temperature rises ; and the rise 
is pretty nearly proportional to the difference. Thus 
when snow and common salt are mixed together, they 
gradually melt, and assume the form of a liquid. Du- 
ring the whole process of melting, the temperature con- 
tinues at zero or lower ; but whenever the solution is 
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■ Book I. completed, the temperature rises. On the other faaod^ 
PwbioB n« spirits and water are mixed together, a condensa- 

tion takes place ; for the specific gravity is greater than 
the mean* Accordingly the mixture becomes hot. When 
four parts of sulphuric acid and one part of water arc 
mixed together, the density is very much increased ; ac- 
cordingly the temperature of the mixture suddenly ri- 
■ ses to. about 300°. 

4. We now see the reason why those salts which 
contaia water in abundance produce cold during their 
solution: the water, while it constituted a part of 
them, was in a solid state ; but when the salt is dissol- 
ved, it becomes liquid. Since these salts, if they be de- 
prived of their water, produce heat during their solu>* 
tipn,;it cannot be doubted that the water, before it dis- 
solve;^, them, combines first with them, so as to form a 
solid, or at least a solution of considerably greater den^ 
sity. 

Soiidifica- Whenever water is solidified, a considerable pro- 

tionofwa- portion of heat is evolved. Hence the reason that a 

tfir evolves j i n • 

great deal of heat is produced by sprinkling water upon 
quicklime. A portion of the water combines with the 
lime, and forms with it a dry powder totally destitute 
of fluidity. For the same reason heat is produced when 
quicklime is thrown into sulphuric acid, 
depends on "The whole of these phenomena, and likewise the 

lat«m heat, evolution of heat during putrefaction and fermentation, 
are sufficiently explained by Dr Black^s theory of latent 
heat. Fluidity, in all cases, is produced by the combi- 
itation of caloric with the body that becomes fluid. 
Hence a mixture, when it becomes fluid, must absorb ca- 
loric 5 which is the same as saying that it must produce 
, cold. On the other hand, when a fluid body becomes 
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soli heat must he evolved ; because a fluid can only 
beci ne solid by parting* with its caloric of fluidity. But 
the pplication of the theory to all cases of changes in 
tem erature by mixture is so obvious, that it is quite 
unn ;essary to give any farther illustration. 

1 In most combinations which evolve heat or cold, 
a cl nge takes place in the specific caloric of the bo- 
die* :ombined. To this change Dr Irvine ascribed 
the T’hole of the heat or cold evolved. Though he ap- 
pea 1 to me to have carried this doctrine too far, the 
cha je must doubtless be allowed to have considerable 
effe :. 


Chap. Jh 


i ^CH is the present state of our knowledge respecting 
the lources of caloric, one of the most interesting parts 
of ’ e science. It is perhaps the most intricate part 
als< Hence the doubt and uncertainty in which it is 
stil involved, notwithstanding the industry and abili- 
ties vhich have been employed in clearing them up. It 
des *ves attention, that the sources of light and heat are 
exs tly the same ; and that these two bodies affect al- 
wa i to accompany one another. 
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OF SIMPLE BODiBS IN GBNEEAL, 


w E have now finished the examination of both divi- 
sions of Simple Bodies. Their number amounts to 3 
But all the substances which chemists have not yet suc- 
ceeded In decompounding are by no means included in 
this first Book. Eleven metallic substances have been 
omitted for reasons formerly specified, and there are two 
acids besides, with the bases of which we are not yet ac- 
quainted. So that the number of undecompoanded bo- 
dies at present known amounts to about 50. 

The 37 simple substances, in the order in whicli I 
have described them, are all concerned in combustion, 
and contribiuc to explain it. Tlic knowledge of their 
properties is necessary to undcrsuind that complicated 
process ; and considered in this point of view, they 
constitute a beautiful whole, which has much more of 
scientific arrangement than any other part of chemistry 
is yet capable of assuming. Let us consider them a lit- 
tle in that jioint of view. 

Oxygen is capable of uniting witli all the other sim- 
ple confinable bodies, and it unites witli them all in dif- 
ferent proportiuns. With the sien u ifaxnnbiistible bo- 
dies it unites without the extrication of heat or light j 
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an th ew compounds are all supporters of combus- 
ti( .. With the simple combustibles it unites, and the 
m m is accompanied by the extrication of heat and 
li| it ; and the compounds are products of combustion. 
W th the metals it unites both with and without the ex- 
tr ation of heat and light, and two classes of compounds 
ai formed ; namely, p7'oducis and supporters , The 
si .pie unconfinable bodies are always extricated during 
c( nbustion. Thus coinhustiou is occasioned by the 
ir tual action of the simple coniiuable bodies on each 
o er ; and the consequence of this action is the extri- 
Ci ion of the simple unconfinable bodies. 

[t deserves attention, that the metals and simple com- 
b stibles approach each other by insensible degrees m 
t: fir properties. Thus the difference between the pro- 
p rties of arsenic and sulphur is by no means so. great 
a between those of arsenic and gold : they might there- 
f :e, without any great impropriety, be reduced under 
< e class. In that case we would have the whole con- 
f able bodies divided into three sets ; namely, 1. Sup- 
] rters ; 2. Combustibles; and, 3. Incombustibles. 

he union of the first and second constitutes products ; 

K the first and third supporters. 

Such is the present state of our knowledge of simple 
ibstances. But it will be worth while to take a view 
; the theories of the ancients, the various modifications 
hich they underwent, and the steps by which chemists 
ave been gradually led to the opinions at present re- 
si vecl. 

It seems to have been an opinion established among 
hilosophers in the remotest ages, that there are only 
mr simple bodies : namely, yf/r, aii\ water ^ and earth. 
"o these they gave the name of elements^ because they 
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believed that all substances are composed of these four* 
This opinion, variously modified indeed, was maintain- 
ed by ail the ancient philosophers. We now know that 
all these supposed elements are compounds : fire is com- 
posed of caloric and light ; air of oxygen and azotic 
gases ; water of oxygen and hydrogen ; and earthy as 
will appear afterwards, of nine different substances. 

The doctrine of the four elements seems to have con-* 
tinued undisputed till the time of the alchymists. These 
men having made themselves much better acquainted 
with the analysis of bodies than the ancient philoso- 
phers had been, soon perceived that the common doctrine 
w^as inadequate to explain all the appearances which 
were familiar to them. They substituted a theory of 
their own in its place. According to them, there are 
three elements, of which, all bodies are composed ; name- 
ly, salt^ sulphur^ and mercury^ which they distinguished 
by the appellation of the tria prima. These principles 
were adopted by succeeding wTiters, particularly by 
Paracelsus, who added twm more to their number; 
ira.m(^\yy pjhleg?7i and caput 7iiortuunu 

It is not easy to say what the alchymists meant by 
salt, sulphur, and 7nsrcury : probably they had aflixed 
no precise meaning to the words. Every thing -which 
is fixed in the fire they seem to have called salt, every 
inflammable substance they called sulphur, and every 
substance wliich flies off without burning was mercury. 
Accordingly they tell us, that all bodies may by lire be 
decomposed into these three principles ; the salt re- 
mains behind fixed, the sulphur takes fire, and the mer- 
cury flies of in the form of smoke. The phlegm and 
paput mortiuim of Paracelsus were the w^ater and earth 
pf the ancient pliilosophers, 
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Mr Boyle attacked this hypothesis in his Sceptical 
Chemist^ and in several of his other puhlications ; proved 
that the chemists comprehended under each of the terms 
salt, sulphur, mercury, phlegm, and earth, substances of 
very dilFerent properties ; that there is no proof that all 
bodies are composed of these principles ; and that these 
principles themselves are not elements but compounds. 
The refutation of Mr Boyle was so complete, that the 
hypothesis of the t7'ia prima seems to have been almost 
immediately abandoned by all parties. 

Meanwhile a very different hypothesis was proposed 
by Beecher in his Physica Suhterranea ; a hypothesis 
to which we are indebted for the present state of the 
science, because he first pointed out chemical analysis as 
the true method of ascertaining the elements of bodies. 
According to him, all terrestrial bodies are composed of 
watery air^ and three earths ; namely, the fusible^ the 
mjlammalle or sulphureousy and the mercziriaL The 
three earths, combined in nearly equal proportions, 
compose the metals ; when the proportion of mercurial 
earth is very small, they compose stones ; when the fu- 
sible predominates, the resulting compounds are the 
precious stones ; when the sulphureous predominates, 
and the fusible is deficient, the compounds are the co- 
lorific earths ; fusible earth and water compose a uni- 
versal acid, very much resembling sulphuric acid, from 
which all other acids derive their acidity ; water, fu- 
sible earth, and mercurial earth, constitute common salt; 
sulphureous earth and the universal acid form sul- 
phur. 

Stahl modified the theory of Beecher considerably. 
He seems to have admitted the universal acid as an ele- 
ment ; the mercurial earth he at last discarded altoge- 
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Book!, tiler; and to the sulphureous earth he sometimes gave 
Bmsion 1. . name oi phlogistojiy sometimes of ether. Earths he 
considered as of different kinds, but containing all a cer- 
tain element called earth. So that, according to him, 
there are five elements, air, water, phlogiston, earth, the 
universal acid. He speaks too of heat and light; but it 
is not clear what his opinion was respecting them. 

Stahl’s theory was gradually modified by succeeding 
chemists. The universal acid was tacitly discarded, and 
the different known acids were considered as distinct, 
* undecomposed, or simple substances; the different earths 

were distinguished from each other, and all the metal- 
lic calces were considered as distinct substances. For 
these changes chemistry was chiefly indebted to Berg- 
inan« While the French and German chemists were 
.occupied with theories about the universal acid, that 
illustrious philosopher, and his immortal friend and fel- 
low labourer Scheele, loudly proclaimed the necessity 
of considering every undecomposed body as simple 
till it has been decomposed, and of distinguishing ail 
those substances from each other wliich possess distinct 
properties. These cautions, and the consequent ar- 
rangement of chemical bodies into distinct classes by 
Bergman, soon attracted attention, and were at last ta- 
citly acceded to. 

Gradually Thus the elements of Stahl were in fact banished 
Jromthe ffom the scieiice of chemistry; and in place of theUi 

sckncc. were substituted a gTcat number of bodies, which were 

considered as simple, because they had not been ana- 
lysed. These were phlogiston, acids, alkalies, earths, 
metallic calces, water, and oxygen. The rules esta- 
blished hy BergiTian and Scheele are still follov/ed ; but 
subsequent discoveries have shown, that most of the 
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bodies which they considered as simple are compounds ; Chap, II L 
while several of their compounds are now placed among 
simple bodies, because the belief in the existence of 
phlogiston, which they considered as a component part 
of these bodies, is now given up. 

As the term simple substance in chemistry means no- Present 

state* 

thing more than a body whose component parts are un- 
known, it cannot be doubted that, as the science advan- 
ces towards perfection, many of those bodies which we 
consider at present as simple will be decomposed ; and 
most probably a new set of simple bodies will come in- 
to view, of which we are at present ignorant. These 
may be decomposed in their turn, and new simple bo- 
dies discovered ; till at last, when the science reaches 
the highest point of perfection, those really simple and 
elementary bodies will come into view, of which all sub- 
stances are ultimately composed. When this happens 
(if it be not above the reach of the human intellect), the 
number of simple substances will probably be much 
smaller than at present. Indeed, it has been the opi- 
nion of many distinguished philosophers in all ages, 
that there is only one kind of matter ; and that the dif- 
ference which we perceive between bodies depends up- 
on varieties in the figure, size, and density of the pri- 
mary atoms when grouped together. This opinion was 
adopted by Newton ; and Boscovich has built upon it an 
exceedingly ingenious and instructive theory. But the 
full demonstration of this theory is perhaps beyond the 
utmost stretch of human sagacity. 
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Argentine, iv. 349 

flowers of antimo- 
ny,, i. 314 
Argentum vivum, i. 172 
Argil, ii. 79 

Argillaceous iron ore, iv. 449 
Argillite, iv. 305 
Arnica montana, v. 237 
Arragonite, iv. 350 
Arseniates, iii. 46 
Arsenic, i. 325 

acetate, iii. 322 
acid, i. 329, and ii. 263 
alloys, r. 333 
arseniate, ibid. 
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Arsenic, benzoate of, iii. 322 
borate, ibid, 
butter, iii. 321 
fiuate, iii. 322 
Iiydrosulphuret, iii. 
395 

muriate, iii. 320 
native, iv. 497 
nitrate, iii. 320 
ores, iv. 496 
oxalate, iii. 322 
oxides of, i. 327 
phosphate, iii. 321 
salts of, iii. 319 
sulphate, ibid, 
tartrate, iii. 322 
white, i. 327 

Arsenical hydrogen, i. 330 
pyrites, iv. 497 
Arsenious acid, i. 327 
Arsenites, iii. 51 
Asafoetida, v. 145 
Asbestus, iv. 329 
Asparagin, iv. 675 
Asparagus, v. 228 

stone, iv. 358 

Asphalt, ii. 505 , 

Assimilation, v. 748 
Atmosphere, iv. 2 

as food of plants, 
V. 312 

changes in the 
weight of, iv. 
41 

composition of, 
iv. 3. 

stones from, iv. 
119 

temperature of, 
iv. 51 

unknown bodies 
in, iv. 34 

Atropa belladonna, v. 229 
Attraction explained, i. 28 
elective, iii. 423 


Aubler, v. 308 
Augite, iv. 215 
Auriferous silver, iv. 401 
Auripigmentum, iv. 498 
Aurum graphicum, iv. 494 

musivum,musicum, or 
niosaicum, i. 262 
paradoxicLim, iv. 494 
Austrum, ii. 57 
Autoraalite, iv. 233 
Axestone, iv. 326 
Axinite, iv. 247 
Azote, i. 104 

attempts to decompose, 
i. 112 

given out by plants, v. 
358 

oxides of, ii. 154 
from charcoal, v. 769. 
Azotic gas, i. 104 
Azotites, ii. 158 
Azure de cuivre, iv. 428 
Azurite, iv. 281 

B 

Balass ruby, iv. 225 
Balm of Gilead, v. 119 
Balsam of Canada, v. 92 
of Peru, V. 124 
of sulphur, ii. 483 
of Tolu, V. 122 
Balsams, v. 1 1 8 

liquid, V. 119 
solid, V. 127 
Baltic, iv. 141 
Balneum regale, i, 320 
Barilla, ii. 39 and 643 
Barium, ii. 72 
Bark, v. 210 
Barley, v, 250 
Barm, v. 393 

Barometer, variations of, iv, 41 
range, iv. 43 
Baroselenite, iv. 368 
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Barote, ii. 66 
-B arras, v. 92 
Barytes, ii. 65 

acetate of, iii. 65 
arseniate, iii* 50 
benzoate, iii. 71 
borate, ii. 617 ” 

campliorate, iii. 79 
carbonate, ii. 652, and 
iv. S67 

chromate, iii. 57 
citrate, iii. 1045 
duate, ii. 609 
gallate, iii. 115 
hydrosulphuret, iii. 
376 

byperox 3 miuriate, iii. 
43 

malate, iii. 110 
mellate, iii, 90 
muriate, ii. 587 
nitrate, iii. 22 
oxalatej iii. 87 
phosphate, ii. 630 
phosphite, ii. 638 
prussiate, iii. 117 
saccolate, iii. 108 
sobate, ibid, 
guberate, iii. 114 
succinate, iii. 73 
sulphate, ii. 681, and 
iv, 368 
sulphite, iii. 7 
tartrate, iii. 99 
tungstate, iii. 56 
urate, iii. 109 
water, ii. 68 
Basanos, iv. 256 
Basalt, iv. 314 

Basaltine, octahedral, iv. 215 

Bdellium, v. 149 

Bean, v. 259 

Bee, venom of, v. 620 

Beer, v. 398 

Bell metaij, i^ 268 


Benzoates, ill. 69. 

Benzoic acid, ii. 289, and v. 
821 

plants contain- 
ing, iv. i i43 
in animals, v, 
488 • 

Benzoin, v. 127 

flowers of, 11 . 289 
Beryl, iv. 240 

. shor.ous, iv. 241 
Bezoardi..: Ii. S3i 

Bezoars, v. 662 
Biidstein, iv. 623 
Bile, V. 584 

of fxshes, V. 590 
fowls, ibid, ' 
human, v. 591 
the sow, V. 590 
use of, V. 712 
Biliary calculi, v. 665 
Birdlime, v. 78 
Bismuth, i. 304 

alloys of, i. 308, 322, 
336, 369, 375 
acetate of, iii. 306 
arseniate, iii. 307 
benzoate, iii. 306 
borate, iii. 305 
butter, iii, 304 
carbonate, iii. 305 
fluate, ibid, 
magistery, iii. 303 
molybdate, iii. 308 
muriate iii. 304 
native, iv. 484 
nitrate, iii. 302 
ochre, iv< 487 
ores. iv. 4S4 
Gxahite, iiu 307 
oxides of. i. 306 
phosphate, lii. 305 
salts of, iif- 302 
succinate, lii. 306 
sulphate, iii. 304 
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Bismuth, sulphite of, iii. 305 
tartrate, iii. 307 
Bitter principle, v. 31 

second species, v, 34 
third species, v. 36 
Bittern, ii. 665 
Bitter spar, iv. 353 
Bitumens, ii. 502 and 504 
Bituminous oils, ii. 502 

marl slate, iv. 355 
Black cobalt ore, iv. 505 
copper ore, iv. 424 
iron ore, iv. 447 
jack, iv. 478 
lead, i. 225 
lead ore, iv. 471 
ore of antimony, iv. 490 
ore of manganesei iv, 
510 

ore of tellurium, iv. 495 
poplar resin, v. 99 
Blende, iv. 478 
Blight, V. 293 
Blisters, liquor of, v. 696 
Blood, V. 555 

effect of different gases 
on, V. 732 

how altered by respira- 
tion, V. 736 
uses of, V. 748 
of the foetus, v. 563 
Blowpipe, iv. 197 
Blue iron earth, iv. 456 
lead ore, iv. 466 
flowers, V. 231 
Bog-iron ore, iv. 451 
Boiling explained, i. 534 
Bole, iv. 320 
Boletus igniarius, v. 287 
laricis, v. 286 
Bombic acid, v. 491 
Bones, V. 498 

fossil, V. 506 

Boracic acid, ii. 221 and v. 812 
Boracite, iv. 373 


Boracium, v. 773 
Borates, ii. 611 
Borax, ii. 221 and 613, and 
iv. 380 

Borbonium, ii. 57 
Botany Bay resin, v, 96 
Bournonite, iv. ^7 
Boyle, fuming liquor of, ii. 9 
Brain, v. 537 
Brandy, ii. 410 
Brass, i. 267, and i. 295 
Brazil wood, v. 206 
Bread, v. 389 
Brewing, v. 402, 409 
Breezes, sea and land, iv. 92 
Bricks, ii. 540 , 

Brimstone, i. 79 
Brionia alba, v. 197 
Brittle silver ore, iv. 404 
Bronze, i. 267 
Bronzite, v. 846 
Brown cobalt ore, iv. 506 
iron ore, iv. 445 
ore of titanium, iv. 524 
spar, iv. 352 

Buffy coat of blood, v. 564 
Bulbs, V. 272 
Buntkupfererz, iv. 419 
Butter, V. 567 

of wax, v. 63 

C 

Cadmia, i, 285 
Calaguala, v. 196 
Calamine, iv. 481 
Calcareous acid, ii. 208 
Calces, metallic, i. 134 
Calchantum, iii. 223 
Calcium, ii. 59 
Calcsinter, iv. 348 
Calctuff, iv. 348 
Calculi, biliary, v. 665 
urinary, v. 669 
arranged, v. 678 
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ZJalculi, solvents for, y. 685 
of inferior animals, v. 
'687 

Calx and calcination, L 134* 
Calomel, iii. 172 
Caloric, i. 423 

decomposes bodies, L 

546 

effects of, i. 486 
escape from surfaces, 
i. -435 

how conducted, i.458 
latent, i. 531 
motion of, i. 435 
nature of, i. 424 
of evaporation, i. 540 
of fluidity, i. 531 
quantity in bodies, i. 

547 and 564 
radiation of, i. 439 
sources of, i. 582 
specific, i. 548 

table bf,i. 558 
Calorimeter, i. BSh 
Camphor, v. 66 

artificidl, v. 74 
oil of, V. 71 
Camphorates, iii. 75 
Camphoric acid, ii. 302 
Cancer, matter of, v. 694 
Cannon metal, i. 267 
Caoutchouc, v. 131 

mineral, ii. 567 
Capacity for heat, i. 550 
Caranna, v. 149 
Carat, i. 156 

Carbon, i. 38, and v. 768 

Austin’s theory of its 
component parts,' 
L 53 

oxides of, ii. 137 
Carbonates, ii. 639 

uses of, ii. 657 

Carbonic acid, i. 42, ii. 207, 
and iii. 530 


Carbonic acid, "in the atmo- 
sphere, iv. 31 
in animals, v. 
488 

absorbed .by 
plants, v. 351 
emitted by 
plants, v. 365 
oxide, i. 59, and ii. 

141 

Carbonous oxide, ii. 138 
Carburet; w’hat, i. 112 
of iron, i. 225 

Carbureted hydrogen gas, i. 

49, and iii. 481, 540 

azotic gas, i. Ill 
Carica papaya, v. 26 
Carneiian, iv. 258 
Caromel, iv. 660 
Carthamus, v. 233 
Caiuying power, what, i. 463 
Cartilage, v. 503 
Caseic acid, v. 571 
Cassava, iv. 709 
Cassius, precipitate of, iii. 137 
Cast iron, i. 234 
Castor, V. 484 
Cat’s eye, iv. 266 
Catechu, ii. 391 

extractive of, v. 47 
Caustic, ii. 28 
Celestine, iv. 371 
Cementation, i, 243 
Cerate, v. 61 
Cerite, iv. 528 
Cerium, i. 383 

salts of, iii. 351 
ores of, iv. 528 
Cermnen of the ear, v. 592 
Ceruse, iii. 269 
Ceylanite, iv. 225 
Chabasie, iv. 278 . 
Chalcedony, iv. 257 
Chalcolite, iv. 515 
Chalk, iv. 344 
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Chalk, black, iv. 304 
. silvery, iv. 340 
v. 703 

Clrirco:4, i. 38, ii. 138, 365, 
and ML 531 

common, ii. 138 
prepared, ii. 139 
two species of, ill 38 
. . mineral, iv. 393 

composition of, ii. 

• 140 ^ - 

gas from, i. 62 
action on gum, iv. 
682 

proportion yielded 
. by diiiorent trees, 
V. 175 

Chemistry, definition of, i. 3 
origin of, i. 4 
as a science, i. 11 
object, I 15 
Cheese, V. 571 
Chert, iv, 254 
Chiastolite, iv. 289 
Chlorite, iv. 309 
Chriclite, ii. 609, and iv. 375 
Cl'/r'^jne ochre, iv. 5i:' 

Cin e , nates, iii. 57, and v. 813 
Ch : nmic acid, ii. 27 1 and v, 8 1 3 
Chromium, i. 352 

ores of, iv, 512 
salts of, iii. 337 
Chyle, V. 710 
Cb-’tic, V. 700 
CI ‘ , 'ioberyl, iv. 211 
Cl^/ - .:ncolla, ii. 613 
Cii ■ elite, iv. 212 
Ch .opal, iv, 211 
Clii'^sophrase, iv. 265 
Ciinoiite, iv. 321 
Cineliona, v. 212 
Cinnabar, i. 179 

native, iv. 413 
Cinnamon, v. 222 


Cinnamon stone, iv. 2 1 0 
Cistic ‘ oxide, v. 67 7 
Citrates, di. liM 
Citi'ic acid, ii. f-20 

plants containing, 
iv. 641 

formed from gum, 
iv. 683 

Civet, V. 485 
Clay, iv. 295 

common, iv. 296 
iron-stone, iv. 449 
potters^ iv. 297 
slate, iv: 298, 305, 542 
stone, iv. 298 
Clink-stone, iv. 315 
Clouds, iv. 79 
Club-moss, V. 269 
Clyssus, iii. 15 
Coal, ii. 510 

brown, ii. 510, and iv. 
586 

black, ii. 51 if 

glance, ii. 5 i 2., iiv. 391 
caimel, iv. 3^:? 
earth, iv. 
slate, iv. 383' 

Cobalt, i. 338 

alloys of, i. 313 
acetnio... j;i. 327 
ars'y:t!’ue, iii. 328 
bovCa-. lii. 327 
carbonate, ibid. 

111.-- i.o, ibid, 
m . i !te. iii. 324 

01*^5,110, ibid. 

orfr'3 iv. 502 
o>.a!ij,te, iii. 328 
oxides of, i. 340 
pb(>'8pbate, iii. 327 
salts of, iii. 322 
soap, iii. 406 
sulphate, iii. 326 
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Cobalt, tartrate of, iii. 328 
Cobalt ore, black, iv. 504? 

brown, iv. 506 ' 
grey, iv. 504 
red, iv. 507 
white, iv. 503 
yellow, iv. 506 
Coccolite, iv. 214 * ■ 

Coco, V. 265 ‘ 

Coffee, V. 262 * 

Cohesion, iii, 594 • 

Coin, gold, i. 212 
silver, L 214 

Colcothar of vitriol, iii. 225 
Cold, i. 574 

Colour, i. 414 and iv. 184 
Columb'ates, iii. 58 
Coliuribic acid, ii. 273 
Coiuu/oite, IV. 526 
Columbium, i. 381, and v. 791 
salts of, iii. 349 
muriate, iii. 350 
nitrate, ibid. 
phbsphate,iii,351 
sulphate, iii. 350 
ores of, iv. 526 
Combination, iii. 645 
Combinations by heat, iii. 472 
spontaneous, iii. 
467 

Combustibles, iv. 382 

simple, i. 30 
compound, ii. 

408 

analysis of, iv. 

600 

Combustion, i. 588 

opinions relative 
to, i. 589 
Lavoisier’s theo- 
ry of, i. 596 
explanation of, i. 
602 

Compounds, ii. 1 

primary, ii. 112 


Compounds, secondary, ii. 517 
Concretions, morbid, v. 658 
Conductors of caloric, i. 462 
Confinable bodies, i, 18 
Congelation, term of, iv. 63 
Contagion, iv. 37 
Cooling, i. 436 
Cooling powers of gases, i.477 
Copaiva, v. 120 . 

Copal, V. loo 
Copper, i. 204 

acetate of, iii. 207 
alloys of, i.211, 249, 
255,266,282,295, 
310,321,335,352, 
368, 375 

arseniated, iii. 212, 
and iv. 431 
azure, iv. 428 
benzoate, iii. 209 
borate, iii. 206 
carbonate, iii. 205, 
and iv. 428 
citrate, iii. 210 
chromate, iii. 216 
emerald, iv. 427 

fluate, iii. 206 

glance, iv. 418 
hyperoxymuriate, ill 
196 

lactate, iii. 211 
mellate, iiL 210 
mica, iv, 431 
molybdate, iii. 216 
muriated, iii. 197, and 
iv. 433 

native, iv. 418 
nickel, iv. 460 
nitrate, iii. 195 
ores of, iv. 417 
oxalate, iii. 209 
oxides, i. 206 
phosphate, iii. 204, 
and iv. 434 
prussiate of, iii 211 
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Copper, pyrites, i. 210 and iv. 
420 

saccolate, iii. 211 
salts of, iii. 193 
soap, iii. 407 
suberate, iii. 211 
succinate, iii. 208 
sulphate, iii. 200 
sulphite, iii. 204 
tartrate, iii, 210 
tinned, i. 269 
tungstate, iii. 216 
Copperas, iii. 223 

blue, iii. 201 
Coral, V. 515 
Corivindum, iv. 231 
Cork, ii. 344 

rock, iv. 329 

Corneous mercury, iv. 416 
silver ore, iv. 408 
Corrosive sublimate, iii. 169 
Corundum, iv, 231 
Cotton, V. 150 
Cotyledons, v. 297 
Couch, V. 399 
Cream, v. 566 
Crocus metallorum, i. 318 
Croton eleutheria, v. 220 
Crucibles, ii. 341 
Cruor of blood, v. 559 
Crusts, composition of, v.511 
Crystal, mineral, iii. 14 
Crj’^stals, iii. 601 
Crystallite, ii. 536 
Crystallization, iii. 599 

expansion du- 
ring, i. 513 
nature of, iii. 
604 

Cube ore, iv. 457 
spar, iv. 364 
Cubizite, iv. 277 
Cupellation, i. 277 
Cuprium, i. 296 
Curd, V. 569 


Cutis, V. 529 

Cuttlefish, bone of, v. 51 1 
Cyanite, iv. 335 
Cymophane, iv. 211 

D 

Daourite, iv. 245 . 

Date-tree, pollen of, v. 240 
Datholite, iv. 367 
Dead Sea, iv. 142 
Decomposition, iii. 650 

tables of, iii 
657 

Decrement, iii. 613 
Decrepitation, ii. 682 
Delphinite, iv. 245 
Deoxidizing rays, i. 416 
Dephlogisticated air, i. 24 
Deutoxide, i. 142 
Diabolus metallorum, i. 264 
Diallage, iv. 333 
Diamond, i. 38, 44, and iv 
207 

Diaspore, iv. 312 
Digestion, v. 699 
Diopside, iv. 21,5 
Dioptase, iv. 427 
DippePs animal oil, v. 477 
Dipyre, iv. 280 
Dissolution, iii. 646 
Disthene, iv. 335 
Distinct concretions, iv. 194 
Dolomite, iv. 353 
Draco mitigatus, iii. 173 
Dragon’s blood, v. 130 
Drawing slate, iv. 304 
Dropsy, liquor of, v. 695 
Ductility, i. 133 and 532 

E 

Eagle-stone, Iv. 450 
Earths, ii. 45, 78 

in plants, v. 162 
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Earths, whether formed in 
plants, V. 316 
as the food of plants, 
V. 314 

action on each other, 
ii. 523 

combinations of, ii. 
519 . 

alkaline, ii. 45 
proper, ii. 78 
union with oxides, ii. 
530 

in animals, v. 492 
Earthy smell, ii. 80 
Effervescence, i, 65 
Efflorescence, ii. 662 
Egg shells, V. 513 
white of, 579 
Eggs, V. 578 
Eisenram, iv. 443 
Electricity, iv. 115 
Electrum, i. 157, and iv. 397 
Elements ofihe ai^cierots, L 6^11 
of the aiLch 3 rmists, i. 

628 

weight of, hi. 441 
Elemi, v. 94 
Emerald, iv. 240 
Emery, iv. 229 
Empyreal air, i. 24 
Emulsion, ii. 496 
Enamel of the teeth, v. 505 
Enamels, ii. 544 
Epidermis of animals, v. 528 
of trees, v. 210 
Epidote, iv. 245 
Epsom salt, ii. 665 
Equilibrium of caloric, i. 478 
Etching on glass, ii. 219 
Ether, ii. 439, and hi. 495 
acetic, ii. 471 
muriatic, ii. 465 
nitric, u. 456 
phosphoric, h. 474 
rectification of, ii. 442 


Ether, sulphuric, ii. 440 
Ethiops mineral, i, 179 
martial, i. 220 
per 5e, i. 175 
Evaporation, iv. 68 

annual, iv. 78 
proportional to 
the tempera- 
ture, iv. 70 
Euclase, iv. 239 
Eudiometers, iv. 12 
Euphorbium, v. 149 
Eye, humours of, v. 600 
Excrementitious matter, v. 
648 

Expansion, i. 486 

exceptions to it, i. 
503 

Expectorated matter, v. 597 
Extract, v. 43 

Goulard’s, hi. 275 
Extractive, v. 43 

species of, v. 47 

F 

Falil ore, iv. 421 
Fat, V- 473 

acid of, ii. 294 
Feathers, v. 549 
Feces, v. 648 

human, v. 649 
of cattle, V. 653 
of fowls, V. 655 
Fecula, green, contains glu- 
ten, V. 23 
Felspar, iv. 286 

Lafcradore, iv. 287 
compact, iv. 289 
Fer oligiste, iv. 441 
oxydule, iv. 440 
Fermentation, v. 386, 410 

acetous, v. 422 
panary, v. 389 
vinous, V, 397 
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Fibrin, v. 29, 458 
Fibrolite, iv. 258 
Figure-stone, iv. 328 
Finery, i. 236 
Fire-damp, i. 52 
Fire-balls, iv. 119 
Fish scales, v. 521 
Fixed, what, ii. 5 
air, ii. 208 
Flake, white, i. 306 
Flesh, V. 523 
Flint, iv. 296 
Flint-ware, ii. 542 
Flint-slate, iv. 255 and 549 
Float-stone, iv. 300 
Flowers, V. 231 
Fiuates, ii. 604 
Fluidity produced by heat, i. 
516 

Fluids conduct caloric, i. 468 
Fluoboric acid, v, 810 
Fluor, iv. 360 

Fluoric acid, ii. 215, and v. 
810 

Flux, black, iiL 33 
white, iii. 33 

Foliated earth of tartar, iii. 59 
crystallized, iii. 
61 

Food of plants, v. 307 
animals, v. 699 
Formations, iv. 536 

alluvial, iv. 572 
floetz, iv. 558 
independent coal, 
iv. 563 

new Paris, iv. 569 
primitive, iv. 537 
transition, iv. 553 
volcanic, iv. 573 
Formiates, iii. 112 
Formic acid, ii. 347 
Fossalkali, ii. 39 
Fracture, iv. 192 
Franchipan, v. 575 


Frankincense, v. 91 
Freezing, expansion by, i. 513 
contraction by, i. 
515 

mixtures, L 579 
of bodies, i. 518 
Friction, i. 615 
Frigorific particles, L 575 
Frit, ii. 562 
Fruits, V. 270 
P’uller’s earth, iv. 322 
Fulminating powder, iii. 32 
Fustic, V, 209 

G 

Gadolinite, iv. 339 
Galbanum, v. 142 
Galena, iv. 465 
Galipot, V. 92 
Gall-stones, v. 665 
Gallates, iii. 115 
Gallic acid, ii. 377 

plants containing, iv.. 
643 

Gamboge, v. 147 
Garlic, v. 277 
(iarnet, iv. 220 

blacL:, iv. 220 
wh'tc, iv. 219 
Gas, what, i. 21 
Gases, i. 544, and iii, 433 

absorption by water, iii. 
508, 525 

combination of, iii. 467, 
and V, 835 

ditto with liquids, iii. 
504 

ditto witli solids, iii. 528 
constitution of, iii. 434 
elasticity of, i. 488, and 
iii. 435 

expansion of, i. 488 
mixture of, iii. 453, and 
V. 833 
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Gases, respirable, v. 716 

specific gravity of, in. 

4.39 

table of, iii. 437 
uni'espirable, v. 715 
water which they con- 
tain, iii. 446 
Gastric juice, v. 703 
Gelatine, v. 430 
Gelberz, iv. 494 
Gentian, v. 201 
Geognosy, iv. 529 
Germination, v. 296 
Gin, ii. 410 
Glacies mariae, iv. 307 
Glance cobalt ore, iv. 504 
Glands, v. 536 
Glass, i. 164, and ii. 555 
bottle, ii. 560 
crown, ii. 559 
expansion of, i. 496 
flint, ii. 558 
gall, ii. 562 
method of etching on, 
ii. 219 

of antimony, i. 318 
phosphoric, ii. 201 
plate, ii. 558 
Glauberite, iv. 378 
Glauber’s salt, ii. 661 
Glucina, ii. 91 

acetate, iii. 67 
carbonate, ii. 655 
hydrosulphuret, iii, 
380 

muriate, ii. 592 
nitrate, iii. 27 
phosphate, ii. 632 
succinate, iii. 73 
sulphate, ii. 677 
Glucium, ii. 93 
Glue, V. 431, 438 
Gluten, V. 16 

fermented, V. 18 


Gluten, plants containing it, 

V. 25 
Gneiss, iv. 541 
Gold, i. 148 

alloys, i. 156, 164, 170, 
182, 190, 195, 200, 
203, 211, 247, 255, 
264, 279, 293, 308, 
320, 333, 343, 351, 
366, 375 
native, iv. 397 
ores of, iv. 396 
oxides of, i. 151 
muriate, iii. 1 34 
nitrate, iii. 139 
fulminating, ii. 11 
salts of, iii. 133 
sulphuret, i. 154 
soap, iii. 408 
Gorgonia, v. 516 
Gouty concretions, v. 68$ 
Grammatite, iv. 333 
Granatite, iv. 222 
. Granite, iv. 539 
Grapes, v. 271 . 

Graphic gold ore, iv. 494 
Graphite, iv. 392 
Graugiltigerz, iv. 424 
Gre 3 nvacke, iv. 554 

slate, iv. 554 
Greek fire, ii. 507 
Green, Scheele’s, iii. 215 

colour of plants, v, 361 
earth, iv. 317 
iron-earth, iv. 458 
resin, v. 100 
sand of Peru, iv. 433 
stone, iv. 546 
Grey copper ore, iv. 421 
cobalt ore, iv. 504 
ore of antimony, iv. 489 
ore ofmanganese, iv.508 
Guaiacum, v. 1 13 
Gum; iv. 677 
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Gum arabic, iv. 686 

cherry tree, iv. 689 
gut, V. 147 
kuteera, iv. 689 
resins, v. 139 
Senegal, iv. 686 
tragacanth, ibid. 

Gun metal, i. 267 
Gunpowder, iii. 30 
Gypsum, ii. 679 and iv. 362 

H 

Haematites, black, iv, 445 
brown, iv. 446 
red, iv. 444 
Haarsalz, iv. 372 
Hair, v. 545 

Hairy concretions, v. 664 
Hardness, i. 148 
Harmotome, iv. 278 
Hartshorn, ii. 6 
Mazle-tree, pollen of, v. 243 
Heat, i. 423 

animal, v. 737 
duringcombustion,i.6 1 0 
escape of, from surfaces, 
L 435 

latent, i. 531 
red, i. 420 

Heavy inflammable air, i. 48, 
and V. 770 
Heliotrope, iv. 265 
Hellebore, v. 197 
Hempseeds, v. 262 
Hepar, iii. 381 

sulphuris, ii. 30 
Hepatic gas, i. 90 

concretions, v. 661 
mercurial ore, iv. 414 
Ho-ang-lien, v. 199 
Hollow spar, iv. 289 
Honey, v. 470 

stone, iv. S74 


Hops, V. 404 
Hornblende, iv. 312 

basaltic, iv. 314 
Labradore, iv. 
313 

slate, iv. 313 
Horns, v. 519 

of the hart and buck, 
V. 520 

Hornsilver, iii. 151 and iv. 408 
Hornstone, iv. 254 
Horsechesnut, v. 222 
Plorseradish, v. 204 
Hospital sore, matter of, v. 694 
Houipoun, ii. 221 
Humours of the eye, v. 60 
Hyacinth, iv. 209 

white, iv. 238, 290 
yields mucus, iv. 
693 

Hyacinthine, iv. 216 
Hyalite, iv. 258 
Hydrargillite, iv. 271 
Hydrargyrum, i. 172 
Hydrates, ii. 122, and iii. 566 
Hydrocarbonates, i. 61 
Hydrogen, i. 31 

arsenical, i. 330 
combustion of, iii. 
472 

gas, i. 31, iii. 539 
absorbed by char- 
coal, i. 41 

Hydrogureted sulphur, iii. 372 
sulphurcts, iii. 
380: 

metallic, iii.386 
sulphuret of 
ammonia, ii. 

9 

sulphuret of 
potash, ii. 30 
Hydrometer, Clarke’s, ii. 4'23 
Hydrosiderum, i. 228 
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Hydrosulphurets, iii. 370 

metallic, iii. 
386 

Hygrometer, iv. 25 
Hyperoxymuriates, iii. 36 
Hyperoxymuriaticacid, i. 124, 
and ii. 258 
Hyperstene, v. 843 

I 

Jade, iv. 325 
Jalap, V. 200 
James’s powder, iii. 314 
Jasper, iv. 262 

agate, iv. 264 
Egyptian, iv. 262 
porcelain, iv, 262 
Ice, ii. 117 

expansion of, i. 513 
Ichthyophthalmite, iv. 293 
Idocrase, iv. 216 
Jelly, iv. 694, and v. 431 
Incombustibles, simple, i. 103 
properties of, 
i. 129 • 

Indian rubber, v. 132 
Indigo, V. 1 

Indigofera tinctoria, v. 1 
Inflammable air, L 31 

heavy, L 49 

Ink, ii. 398 

Indian, v. 106 
printers, ii. 493 
sympathetic, iii. 324 
Intestinal concretions, v. 661 
Inulin,- iv. 697 
Ipecacuan, v, 199 
Iridium, i. 190 

salts of, iii. 192 
ores of, iv. 399 
Iron, i. 216 

alloys, i. 247, 269, 282, 
297,311,321,335, 344, 
352, 368, 375 


Iron, acetate, iii. 235 
arseniated, iii. 241 
benzoate, iii. 237 
borate, iii. 235 
carbonate, iii. 233, and 
iv. 455 

chromate, iv. 513 
citrate, iii. 238 
cold, short, i. 227 
columbate, iii. 243 
fluated, iii. 235 
gallate, iii. 239 
glance, iv. 441 
hydrosulphuret, iii. 395 
lactate, iii. 239 
hyperoxymuriate, hi. 
220 

malate, iii. 239 
mellate, iii. 238 
molybdate, iii. 243 
muriated, iii. 221 
native, iv. 436 
nitrat^, hi. 218 
ores of, iv. 436 
oxalated, hi. 237 
oxides of, i. 220, and v. 
783 

phosphated, in. 231, and 
,iv. 455 

prussiated, hi. 118, 240 
pyrites, iv. 437 
saccolate, in. 239 
salts of, hi. 217 
sand, iv. 441 
soap, iii. 407 
suberate, iii. 2S9 
succinate, iii. 236 
sulphated, in. 223 
sulphite, iii. 230 
tartarized, iii. 244 
tartrated, iii. 238 
tungstate, hi. 24^ 

Iron flint, iv. 253 
clay, iv. 315 
Iserine^ iv. 524 
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Isinglass, v. 

Islands, temperature of, iv. 68 
Juice, peculiar, of plants, v. 

190, 377 
Jupiter, i, 298 

K 

Kali, ii. 4, 87 
Kaolin, iv. 295 
Kelp, ii. 40 

Kermes mineral, iii. 392 
Kidneys, action of, v. 740 
calculi of, V. 683 
Kidney bean, v, 260 
Kinate of lime, iii. 106 
Kinates, iii. 106 
Kinic acid, ii. 325 
Kiffekill, iv. 321 
Kino yields a species of tan, 
V. 40 

Klebscliiefer, iv. 299 
Klinkstone, iv. 315 
Koumiss, V. 574 
Kupfer lazur, iv. 428 

nickel, i. 250, and iv. 
460 

L 

Labdanum, v. 96 
Lac, V. 105 

white, ii. 336 
sulphuris,*L 88 
Laccic acid, n. 336 
Lackers, v. 108 
Lactic acid, ii. 351 
'LadanuTn,*v. 96 
Lana philosophica, i. 289 
Lapis infetHalis, hi. 147 
nephriticus, iii. 325 
lazuli, iv. 283 
philosophorum, i. 5 
Latent heat explained,'!. 524 
Lava, iv. 573 


Lazulite, iv. 281, 283 
Lead, i. 270 

alloys, i. 279, 297, 311, 
322, 336, 344, 369, 
, 375 

acetate, iii. 271 
antimonial sulphuret of, 
iv. 467 

arseniate, iii. 279, and 
iv. 474 

benzoate, iii. 276 
borate, iii. 271 
carbonate, iii. 269, and 
iv. 470 

citrate, iii. 277 
chromate, iii. 280, and 
iv. 472 

filiate, iii. 270 
by per oxy muriate, z hi- 
263 

lactate, iii. 278 
malate, ibid, 
inellate, iii. 277 
molybdate, iii. 279, and 
iv. 474 

• muriated, iii. 263 

murio-carbonate, iv. 471 
nitrate, iii. 260 
ores, iv. 466 
oxalate, iii. 276 
oxides, i. 272 
phosphate, iii. 268, and 
iv. 471 

saccolate, iii. 278 
salts of, iii. 259 
soap, iii. 407 
sub crate, iii. 278 
succinate,' iii. 276 
sugar of,' iii. 271 
sulphate, iii. 265, and 
iv; '472 ‘ 

sulphite, iii. 267 
superacetate, in. 271. 
tartrate, lii. 277 
tungstate, iii.* 280 
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L'ead, vinegar of, iii. ^275 

white, i. 274, and iii. 269 
Leather, v. 531 
Leaven, v. 391 
Leaves, v. 223 

functions of*, v. 347 
why they fall off, v. 
351 

the digesting organs 
of plants, V. 375 
how produced, ibid, 
seminal, v. 305 
I absorb carbonic acid, 
V. 351 

absorb water, w. 370 
emit oxygen, v. 354 
Lemanite, iv. 326 
Lemons, essential salt of, iii. 82 
Lens, crystalline, v, 601 
Lentiles, v. 260 
Lepidolite, iv. 306 
Leucite, iv. 219 
Leucolite, iv. 241 
Libaviiis, smoking liquor of, 
iii. 250 

Lichens, v. 281 
Ligaments, v. 536 
Light, i. 403 

its peculiarities, i. 418 
sources of, ibid. . 
Lilalite, iv. 307 
Lime, ii. 46 

native, iv. 343 
acetate of, iii. 64 
arseniate, iii. 49, and iv. 
501 

benzoate, iii. 70 
borate, ii. 616 
camphorate, iii. 78 
carbonate, ii. 650 
chromate, iii. 57 
citrate, iii. 104 
effects of, on mould, v. 

327 

Fb/. 


Lime, ftuate of, ii. 607 
formiate, iii. 112 
gallate, iii. 115 
hydrate, ii. 48 
hydrosulphuret, iiL 379 
hyperoxymuriate, iii. 

43 

kinate, iii. 106 
malate, iii. Ill 
mellate, iii. 90 
mercuriate, ii. 54 
molybdate, iii. 53 
moroxylate, iii, 74 
muriate, ii. 584 
nitrate, iii. 21 
oxalate, iii. 86 
ox3rmuriate, iii. 35 
phosphate, ii. 627 
phosphite, ii. 637 
plumbate, ii. 54 
prussiate, iii. 117 
saccolate, iii. 108 
sebate, ibid, 
slacking of, ii. 47 
soap, iii. 404 
suberate, iii. 114 
succinate, iii. 72 
sulphate, ii. 679 

anhydrous, ii. 681,. 
and iv. 364 
sulphite, iii. 7 
supermalate, iii. Ill 
superphosphate, ii. 629 
tartrate, iii. 98 
tungstate, iii. 55> iv, 
519 ^ 

urate, iii. 109 
water, ii. 51 
Limestone, iv. 344 

primitive, iv. 547 
floetz, iv. 560 
transition, iv. $55 
Liquefaction, e^j^plaiiied, L 517 
Liquids^ iiL 549 

1>T 
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Liquids, constitution of, iiL550 
table of, iii. 553 
specific gravity of, iii. 
654 * 

weight of atoms, iii. 
555 

expansion of, i. 491 
action on each other, 
iii. 556 

mixture of, iii. 556^ 
561 

combinatiori with so- 
lids, iii. 565 
Liquor silicum, ii. 100 
Liquorice, iv. 674 
Litharge, i. 273 
Lithic acid, ii. 332 
Lithomarge, iv. 317 
Liver of antimony,, i. 318 
arsenic, iii. 51 
sulphur, ii. 30, and iii. 
381 

Lixiva, ii. 27 
Loam, iv. 296 
Lob.ster crust, v. 511 
Logwood, V. 205 
Lomonite, iv. 279 
Luna cornea, iii. 151 
Lunar caustic, iii. 147 
Lupine, white, v. 261 
Lustre, iv. 191 
Lute, what, i. 23 
Lydian stone, iv. 256 
Lymph of plants, v. 331 
animals, v. 713 


M 

Madder, v. 202 
Madrapores, v, 514 
Magistery of bismuth, u 306 
Magnesia, ii. 60 

acetate of, iii. 63 
arseniate, iii. 49 


Magnesia, benzoate of, iii. 70 
borate, ii. 615, and 
iv. 373 

camphorate, iii. 77 
carbonate, ii. 648 
citrate, iii. 104 
fluate, ii. 607 
gallate, iii. 115 
hydrosulphuret, iii. 
380 

hyperoxymuriate, 
iii. 42 

malate, iii. Ill 
molybdate, iii. 53 
muriate, ii. 582 
native, iv. 320 
nitrate, iii. 19 
oxalate, iii. 85 
phosphate, ii. 624 
phosphite, ii. 637 
prussiate, iii. 118 
saccolate, iii. 108 
soap of, iii. 405 
subcarbonate, ii.648 
suberate, iii. 113 
succinate, iii. 72 
sulphate, ii. 665 
sulphite, iii.' 5 
tartrate, iii. 97 
tungstate, iii. 55 
urate, iii. 109 

Magnetic iron-stone, iv. 440 
sand, iv. 441 
Magnets, i. 232 
Magnium, ii. 64 
Mais, Vv 254 
Malachite, iv. 429 
Malacolite, iii. 336 
Malates, hi. 110 
Malic add, ii. 340 

plants containing 
it, iv. 642 
in animals, v. 491 
Malleability, i. 133 
Malt, V. 398 
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Vlaltha, ii. 504 
Manganese, i. 345 

alloys, ib 351 
salts of, iii. 329 
acetate, iii. 334 
arseniate, iii. 336 
benzoate, iii. 335 
borate, iii. 334 
citrate, iii. 336 
carbonate, iii. 334 
fluate, ibid, 
muriate, iii. 331 | 
nitrate, iii. 330 
ores, iv. 508 
oxalate, iii. 335 
oxides of, i. 348 
phosphate, iii. 334 
Soap, iii* 408 
succinate, iii. 335 
sulphate, iii. 331 
tartrate, iii. 335 
black ore of, iv. 
510 

grey oire of, iv. 
508 

red ore of, iv. 512 
supposed new me- 
tal in, V. 787 
Manna, Iv. 668 

metallorum, iii. 173 
Manure, v. 322 
Marble, iv. 346 

Portsoy, iv. 327 
Marcasite of gold, i. 285 
Marine acid, i. 117 
Marl, iv. 354 
Marrow, v. 541 
Mars, i. 298 

StahPs tincture of, iii. 
234 

tartarised tincture of, 
iii. 244 

tincture of, ibid. 
Martial iethiops, i, 220 
salts, iii. 217 


Maris given to the taaetals, i. 

298 

Massicot, i. 273 
Mastich, v. ^2 
Meadow ore, iv. 452 
Medicine, universal, i. 9 
Meershaum, iv. 321 
Meionite, iv. 290 
Melanite, iv. 220 
Melasses acid, iv. 653 
Melting explained, i. 517 
|Mellate of alumina, iv. 406 
Mellates, iii, 89 
Mellite, iv. 374 
Meliitic acid, ii. 311 
Membrane, v. 535 
Menachan, i. 37S 
Meoachanite, iv. 521 
Menilite, iv. 261 
Mephitic acid, ii. 208 
Mercurial earth, i. 135 
Mercurius dulcis, iii. 172 
Mercury, i. 172 

action on metals, iii. 
590 

amalgams of, i. 182, 
203, 215, 248, 
266, 281, 294, 
310, 321, 335 
salts of^ iii. 161 
acetate, iii, 181 
arseniate, iii. 185 
benzoate, iii. 182 
borate, iii. 181 
carbonate, iii. 180 
chromate, iii. 185 
citrate, iii. 184 
corneous, iv. 416 
fluate, iii. 180 
fulminating, ii. 14 
hepatic oreof,iv.414 
Howard’s fulmina- 
ting, ii. 463 
hyperoxymuriate, 
in. 167 
2 
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Mercury, malate of, lii. 184 

meUate, iii. 183 
muriate^iii. 168, and 
iv. 416 

molybdate, iii, 185 
native, iv. 41!2 
nitrated, iii. 164 
ores of, iv. 411 
oxalate, iii. 183 
oxides of, i. .l74 
phosphate, iii. 179 
prussiate, iii. 184 
saccolate, ibid, 
soap of, iii. 406 
succinate, iii. 182 
fiulphated, iii. 176 
tartrate, iii. 183 
tungstate, iii. 185 
Mesotype, iv. 275 
Metallic hydrogurets, v. 790 
lustre, i. 131 

Metals, i. 131, and iii. 535 
brittle, i. 303 
malleable, i. 147 
marks given to, i. 298 
noble, i. 146 
oxydizernentof, v. 789 
refractory, i. 377 
remarks on, i. 387 
tenacity of, v. 788 
in plants, v. 172 
how obtained pure, iv. 

629 

conducting power of, 
i. 473 

in animals, v. 492 
Meteoric stones, iv. 1 1 9, v. 838 
Meteorology, iv. 39 
Miasmata, putrid, destroyed 
by mimatic acid, i. 128 
Mica, iv. 307 

green, iv. 515 
slate, iv. 542 

Micaceous iron ore, iy. 443 
Micarell, iv. 308 


Milk, V. 565 

acid of, ii. 351 
woman's, v. 575 
ass’s, V. 577 
goat’s, ibid, 
ewe’s V. 578 
mare’s, ibid, 
mountain, iv. 344 
rock, ibid. 

Millepores, v. 514 
Milt of the carp, v. 610 
^Mineral cautchouc, ii. 507 
crystal, iii. 14 
pitch, iv. 385 
tar, ii. 507 

Minerals, iv. 181, and v. 839 
aspect of, iv. 195 
characters of, iv. 183 
compound, iv. 529 
simple, iv. 199 
analysis of, iv. 585 
Minium, i. 275 

native, iv. 469 
Mipoun, ii. 221 
Mirrors of telescopes, i, 268 
Mispickel, i. 335 
Misy, iii. 223 

Mixture, as a source of heat, 
i. 622 

Molybdate of lead, iv. 474 
Molybdates, iii. 51 
Molybdena, iv. 517 
Molybdenum, i. 361 

alloys, i. 366 
ores of, iv. 517 
oxides of, i. 363 
salts of, iii. 338 
Molybdicacidji. 365,andii.267 
Molybdous acid, ii. 268 
Monsoons, iv. 89 
Moonstone, iv. 287 
Moo coal, iv. 387 
Morass ore, iv. 451 
Morox lates, iii. 74 
Morox^ lic acid, ii, 300 
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Mortar, ii 55 : 

water, ii. 56 
Mosaic' gal4j i.- 262 
Mother ley, ii. 60 
Mould, vegetable, v. $24* 
Mountain blue, iy. 428 
green, iv, 430 
iron-shot, ibid. 
Mucilage, iv. 678 
Mucous acid, ii, 328 
Mucus, iv. 697, . and v. 456 
of the nose, v. 596 
of the cavities, ibid. 
Muffle, i. 45 ; 

Mumia mineralis, ii. 507 
Murianite, iv. $64 
Muriatic acid, i. 117, and v. 
777 

how prepared, 
ibid. 

dephlogisticat- 
r ed, i. 123, 
and ii 247 
oxygeimted, ii.. 
247 . 

V sulphureted, i. 

126 

in animals, v. 
488 

Muriates, ik 574 
, uses of, ik 595 

Muricalcite, iv. 353 
Muscles of animals, v. 522 
Muscovy glass,* iv. 307 
Mushrooms, v. 286 
Musk, V. 485 
Mussite, iv/ 215 
Must, V. 415 

fermentation of, v. 415 
Myrrh, v. 147 - . - 

N ' 

Nadelstein, iv. 522 
Nails, V. 520 


Naphtha, ii. 441 and 503^ 
Narcotic salt, ii. 222 

plante, V. 53 . 

principle, V. 50 
Natrolite, iv. 280 
Natron, ii. 39 

Needle-ore, iv. 51 3, and v. 845 
Needle-stone, iy. 274 
Nepheline, iv. 238 
Nephrite, iv. 325 
Nerium tinctorium yields in- 
digo, V. 4 
Nerves, v. 537 
Neutralization, iii. 631 
New silver, i. 185 
Niccolanum, i. 256, and v. 848 
Nickel, i. 250, and v. 786 

alloys,!. 255, 31 1,336, 
345, 368 
salts of, iii. 282 
acetate, iii. 286 
arseniate, iii. 288 
borate, iii. 286 
carbonate, iii. 285 
fluate, iii. 286 
molybdate, iii. 287 
muriate, iii. 283 
nitrate, ibid, 
ochre, iv. 460 
ores, iv. 459 
oxalate, iii. 286 
oxides of, i. 253 
phosphate, iii. 285 
sulphate, iii. 284 
tartrate, iii. 286 
Nigrine, iv. 523 
Nihil album, k 289 
Nitre, iii. 11 

* cubic, iii. 1 6 
iixed, ii- 640 
fixed by charcoal, iii. 14 
Nitrates, iii. 10 

uses of, iii, 29 

Nitric acid, i. 107, and ik 229 
oxide, ii^ 162 
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.Nitrites, iii. 33 
Nitrogen, L 1(J4 
Nitro-muriatic acid, xi. 236 
Nitrous acid, ii. 237 and 245 
phlogisticated, ii. 237 
vapour, ii. 238 
etherised gas, ii. 462 
gas, i. 109, ill 62, and 
iii. 468 

gas, deplilogisticatedy 
ii. 154 

oxide, i. 109, ii. 154, 
and iii. 496 ^ 

gas, eudiometer, iv. 

12 and v. 837 
Nitroxis, ii. 159 
Nitrum fixum, ii. 659 

fiammans, iii 17 
semivolatile, ibid, 
Novacullte, iv. 304 
Nutgalls, ii. 385 
Nutmeg, V. 266 

O 

Oats, V. 250 
Obcidiaii, iv. 268 
■Ochre, iv. 444 
Ochroite, i. S83 
Octahcdrite, iv. 522 
Oil of vitriol, ii. 177 

vsweet, of xviiic, ii. 443 

Oils, ii. 476 

animal, v. 472 
fixed, il 487 
list of, V. 55 
volatile, ii. 476 
list of, V. 57 
empyreumatic, ii. 501 
drying, ii. 492 
essential, ii. 477 
fat, ii. 494 
philosophical, ii. 491 
sweet, principle bf, ii. 499 


Olefiant gas, i. 56, and iii. 492 
540 

Oleo-saccharum, ii. 482 
Oleum sulphuris, ii, 177 
Olibanum, v. 144 
Oliven ore, iv, 432 
Olivine, iv. 213 
Onion, v. 279 
Opacity, 1 407 
Opal, iv. 259 

jasper, iv. 265 
Opium, V. 50 
Opobalsamum, v. 119 
Opoponax, v. 146 
Ores, iv. 394 

analysis of, iv. 603 
Orichalcum, i. 296 
Orpiment, i. 332, and iv. 498 
Ossifications, v. 659 
Osmium,, i, 200 

salts of, iii. 193 
Ouretic acid, ii. 621 
Oven, heat of, v. 394 
Oxalates, iii. 80 
Oxalic acid, ii. 304 

plants containin®*. 
iv. 639 

in animals, v, 490 
Oxide and oxidlzement, 1 141 
Oxide of antimony, i. x314 

azote, i. 108, and il 
154 

arsenic, i. 327 
bismuth, i. 306 
cerium, i, 385 
chromium, i. 354 
cobalt, i. 340 
copper, i. 206 
gold, i. 151 
iridium, i. 199 
iron, i, 218, and v. 
783 

lead, i. 272 
manganese, i, 348 
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Oxide of mercury, i. 174 

molybdenum, i. 36S 
nickel, i. 253 
a 3 mium, i. 201 
palladium, i. 189 
- phosphorus, i. 74 
platinum, i. 161 
rhodium, L 194 
silver, i. 167 
sulphur, i. 88 
tantalum, v. 792 
tellurium, i. 324 
tin, i. 259 
titanium, j, 379 
tungsten, i. 373 
uranium, i. 358 
zinc, i. 288 
•Oxides/ii. 114 

metallic, i, 141 and 
391 

nomenclature of, i. 
142 

table of, i. 391 
division of, ii. 115 
Oxycarbureted hydrogen, ii» 
.. 150 

Oxygen, i. 20 

gas, how prepared, 

120 ^ 

combination with ni- 
trous gas, iii. 468 
combination with 
hydrogen, iii. 472 
emitted by plants, v. 
354 

absorbed by plants, 
V. 363 

Oxymuriatic acid, i. 123, and 
ii. 247, and v. 780, 813 
Oxymuriates, iii. 35 
Oxyprussic acid, ii, 371 


P 

Pacific, North, temperature of, 
iv. 65 

Pakfong, L 298 
Palladium, i. 185 

muriate of, iii. 189 
nitrate, iii. 188 
oxides of, i, 189 
prussiate, iii. 191 
salts of, iii. 187 
sulphate, iii. 189 
Panacea holsatica, ii. 659 
Panary fermentation, v. 389 
Panchymagogum minerale, iii. 
173 

Panchymagogus quercitanus, 
ibid. 

Pancreatic juice, v. 584 

concretions, v. 660 
Papaw tree contains albumen, 
V. 26, and fibrin, v. SO 
Paranthine, iv. 291 
Patellae, v, 509 
Pearl, v. 510 

ash, iL 23 

white, i. 306, and iii. 
303 ^ 

stone, iv. 269 
Pea-stone, iv, 348 
Peas, iii. 255 
Peat, gas from, i. 64 
Pechblende, iv. 515 
Pepper, v. 267 
Percussion, i. 611, and v. 792 
Pericardium, liquor of, v. 598 
Peridot, iv. 212 
Perlated acid, ii. 621 
Peroxide, L 143 
Perspiration, v. 742 
Peru, balsam of, v. 124 
Peruvian bark, v. 215 
Petroleum, ii. 503 
Petro-silex, iv. 327 
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Pctunse, ii. 548 
Pewter, i. 284 
Pharmacolite, iv. 501 
Plilogisticated air, i. 112 

alkali, ii. 367 
Phlogiston, i. 81 . 

Phosphate of iron and manga- 
nese,iv. 456 
Phospliates, ii. 618 

uses of, ii. 633 
phosphites, ii. 634 
Phosplioric acid, i. 72, and ii. 

199 

plants con- 
taining,iv. 
645 

in animals, V. 

487 

Thosphorite, iv. 358 
I’hosphorized hydrogen gas, 
i. 75 

Phosphorous acid, ii. 204 
Phosphorus, i. 65, v. 771 
liquid, ii. 483 
oxide oF, i. 74 
of Ilomberg, ii. 
. 586 

of Baldwin, iii, 21 
in animals, v. 486 
Phosphuret, what, i. 78 

of antimony, i.3 1 9 
arsenic, i. 333 
barytes, ii. 70 
bismuth, i. 307 
carbon, i. 77 
cobalt, i. 343 
columbium, i. 

382 

copper, L 210 
gold, i. 155 
iron, X. 227 
lead, i. 278 
lime, ii. 52 
manganese, i. 

350 


PJhosphuret of molybdenum, i. 
366 

nickel, i. 255 
platinum,!. 163 
silver, i. 170 
strontian, ii. 76 
tin, i. 263 

• ; , titanium, i, 380 

tungsten, i.374 
sulphur, i. 99 
zinc, i. 291 

Pliosphurets, nxetallic, v. 791 
Phosphureted alcohol, ii. 427 
azoticgas,i.ll2 
hydrogen gas, i. 
75 

black oxide of 
mercury, i. 
. / 182 

Phytolacca berries, v. 268 
Picnite, iv. 241 
Picromel, v. 587 ' 

Pierre a fusil, iv. 256 

de croix, iv. 222 
Pig iron, i. 234 
Pinchbeck, i. 296 
Pineal concretions, v. 659 
.Finite, iv. 308 
PinpoLiin, ii, 221 
Pisilbrnx iron ore, iv. 451 
Pitch, mineral, iv. 385 
ore, iv, 515 . 
stone, iv. 269 
Pitchy iron ore, iv, 456 
Pitcoal, ii. 510 

gas from, i. 51 
Piztazite, iv. 245 
l^lauts, death of, y. 383 
decay ofi v, 381 
diseases of, v. 291 
food of, V. 307 
ingredients of, iv, 637 
parts of, V. 182 
peculiar juices of,v.1 90 
Plasma, iv. 266 
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Plaster of Paris, lu 680 
Plasters, iii. 408 
Platina, iv. 399 
Platinum, L 157 

alloys of, i. 164,17 1, 
183, 190, 213, 
.249, 265, 281, 
294, 309, 320, 
334, 367 

benzoate of, iiL 142 
muriate, iiL 141 
nitrate, iii, 140 
ores of, iv. 398 
oxides of, L 161 
oxalate, iii- 143 
prussiate, ibid, 
salts of, iii. 140 
sulphate, iii. 142 
triple salts of, iii. 1 44 
J-^leonastc, iv. 225 
Plumbago, i. 225, and iv, 392 
i’lunibum corneurn, iii. 264 
Pluniula, V. 297 
Poisons, animal, v. 617 
Pollen, V. 239 
Fonipholyx, i. 289 
Porcelain, ii. 546 

earth, iv. S95 
Reaumur’s, ii. 557 
Porpliyry, iv. 544 
l\)tash, ii, 22, and ii. 640 

dissolves oxides, ii. 31 
acetate of, iii. 59 
arseniate, iii. 47 
azotite, ii. 159 
benzoate, iii. TO 
borate, ii. 612 
camphorate, iii. 75 
carbonate, ii. 640 
chromate, iii, 57 
citrate, iii. 102 
columbate, iii. 58 
dilate, ii. 605 
g'cillate, iii. 115 


Potash, hydrosulpburet, iiL 
377 

hyperoxymuriate, iii. 
38 

malate, iii. 110 
mellate, iii. 89 
molybdate, iii. 52 
muriate, ii. 574 
nitrate, iii. 10, and iv. 
376 

. nitrite, iii. 34 
oxalate, iii. 81 
phosphate, ii. 619 
phosphite, ii. 634 
prussiate, iii. 117 
quadroxalate, iiL 83. 
saccolate, iiL 107 
sebate, iii, 108 
silicated, ii. 100 
soap of, iiL 401 
succinate, iii. 71 
subcarbonate, ii. 590 
suberate, iii. 113 
sulphate, ii. 659 
sulphite, iii. 
super-arseniate, iii. 47 
superoxalate, iii. 82 
superphosphate, ii.609 
supersulphate, ii. 660 
supertartrate, iii, >'2 
tartrate, iii. 91 
tungstate, iii. 54 

nitrated, iii, 
56 

urate, iii. 108 
Potassiimi, ii; 3.3 

action of, in salts, 
V. 807 

Potato, V. 272 
Potential cautery, iL 28 
Pots, ii. 54 i 
Potstone, iv, 308 
Pounxa, ii. 221 
Powder of algoroth, L 315 
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IVsjse, iv. 25S 
IVeeipitate se^ i. 177 
Fre€ipitaDts, table af, iii. 1564 
IVecipitation, iiL 675 
iVebmte^ iv. 273 
Frince’s metal, i. 295 
Principle, vegetative, v. 383 
animal, v. 755 

Products of combustion, i. €03 
Propolis, V. 482 
Prostate concretions, v* 661 
Protoxide,!. 142 
Prussian alkali, ii. 365 
blue, ii, 363 

native, iv. 456 

Prussia te of ammonia and iron, 
iii* 127 

barytes and iron, iii. 

lime and iron, iii. 120 
magnesia and iron, 
iii. 127 

potash and iron, iiL 
121 

soda and iron, iii. 1 26 
strontian and iron, 
iii. 120 
Pnissiatcs, iii. 116 
Prussic acid, ii. 362, and iii. 
547, and v. 823 

plants containing 
it, iv. 644 

Pnissous acid, v. 823 
Pulmonary concretions, v. 660 
Punice, iv. 270 
Purple of amorgos, v. 284 
I\itrefaction, v. 426 

in air, v. 759 
under ground, v. 
761 

of accumulated 
matters, V. 762 
preventatives 
fronij V. 764 

Pus, V. 69i 


Pus, Iiow distinguished from 
mucus, V. 693 
Pyrites, i. 230, and iv. 437 
magnetic, iv. 439 
arsenical, iv. 497 
capillary, v. 844 
copper, i. 210, and iv« 
420 

Pyro-acetic spirit, v. 818 
Pyrolignous acid, ii. 353 
Pyromachus, iv. 256 
Pyrometer of Wedgewood, ii. 
81 

Pyromucot^R acid, ii. 353 
Pyrophori, L 410 
'-Pyrophorus, Homberg’s,ii.675 
Canton’s, L 410 
Pyrophysalite, iv. 236 
Pyrotartarous aci^, ii. 318 and 
353, and iii. 93, and v. 824 
Pyroxen, iv. 215 
Pyrop, iv. 223 

Q 

Quartz, iv. 250 

milk, iv. 252 

Quassia, experiments on itb in- 
fusion, v. 31 
Queen’s ware, ii. 542 
Quercitron, v. 221 
Quicklime, ii. 47 
Quicksilver, i. 172 
Quinquina, v. 218 


E 

Rjidijint heat, i. 439 
Kadiating power of bodies, I 
442 

Radical vinegar, ii. 282 
Radicle, v. 297 
Rain, iv. 80 

quantity of, iv, 83 
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Rancidity, ii, 4f98 
Rays of light, i. 408 
caloric, i. 425 
Rayonnante, iv, 332 
Realgar, i. 332, and iv. 4 
Red antimonial ore, iv, 492 
cobalt ore, iv. 507 
copper ore, iv. 425 
chalk, iv. 449 
flowers, V. 232 
iron ore, iv. 443 
lead, i. 275 

. lead ore of Siberia, iv. 47 2 
ochre, iv. 444 
ore of manganese, iv. 512 
precipitate, i. 177 
Sanders, v, 208 
silver ore, iv. 405 
Reddle, iv. 449 
Reduction, i. 134 
Reflection of heat, i. 446 
light, i. 406 
Refraction of light, i. 405 
Regulus of antimony, i. 312 
martial, i. 322 
of Venus, i. 321 
Repulsion, iii. 435 
Resin, v. 91 

Botany Bay, v. 96 
from bitumen, v. Ill 
green, v. 100 
of bile, V, 478 
of urine, v. 635 
Resins, v, 83 

animal, v. 478 
Respiration, v. 714 

of fishes, V. 728 
Priestley’s theory, 
of, V. 734 
Xavoisier’s theory 
of, V. 735 
Lagrange’s the- 
ory of, V, 735 
dianges on air by, 
V. 720 


Respiration, changes on blood 
by, y. 731 

Respirations, numberof,Vi.718 
Rete mucosum^ v, 534 
Retinasphaltum, ii. 509, and 
iv. 384 

Rhodium, i. 192 

salts of, iii. 191 
Rhomb spar, iv. 353 
Rhubarb, v, 201 
Rice, V. 254 
Roasting, i. 319 
Rock crycstal, iv. 252 
soap, iv. 318 
Rocks, iv. 531 

structure of, iv. 532 
Roestone, iv. 345 
Roots, V. 196 

absorb oxygen, v. 369 
Rosa mallos, v. 127 
Rosacic acid, v. 489 
Rosin, V. 91 
Rouge, V. 234 
Ruby, iv. 225, 227 
balass, iv. 225 
Occidental, iv. 234 
octahedral, iv. 225 
oriental, iv. 227 
spinell, iv. 225 
Rum, ii. 410 
Rust, iii. 234 
Ruthile, iv. 522 
Rutilite, iv. 524 
Rye, V. 246 

S 

Sacar-nambu, iv. 671 
Saccharine acid, ii. 305 
SacGolates, iii. 107 
Saclactic acid, ii. 327, and v. 
821 

Saffron, v. 238 

of Mars, L 222 
Sagapenum, v. 145 
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Sagenite, iv. 522 
Sago, iv. 708 
Sahlite, iv. 336 
Sal alembroth, iii. 187 
ammoniac, ii. 579 

secret, ii. 663 
catharticus amarus, ii. 665 
ck cluobiis, ii. 659 
gem, ii. 57T 
mirabile, ii. 661 
polychrest Glaseri, ii. 659f 
perlaturn, ii. 621 
Salifiable bases, i. 3. 

Saline solutions, action of salt 
on, iii. 585 

table of, iii.577 
freezing of, i, 
519 

Saliva^ V- 581 

of the horse, v. 583 
Salivary concretions, v. 659 
Salop, iv. 709 
Salsola, ii. 39 
Salt, ii. 565 

arsenical, neutral, iii. 47 
conmion, ii. 577 
digestive, ii. 574< 

of Sjdvius, iii. 

59 

diuretic, iii. 59 
Epsom, ii, 665 
febrifuge, ii. 574 
Glauber’s, ii. 661 
microcosmic, ii. 625 
narcotic, ii. 222 
of amber, ii. 297 
of Saturn, iii. 27 1 
of Seignette, iii. 96 
of Sylvius, ii. 574 
of tartar, ii. 27 
of wisdom iii. 187 
of wood sorrel, iii. 82 
perlated, ii, 621 
Rochelle, iii. 96 
sedative, ii. 222 


Salt, Seydler, ii/ 665 
petre, iii. 10 
regenerated sea, ii. 574 
rock, iv. 379 
sulphureous, of Stahl, iii.3 
Salts, ii. 565, and iv. 408, and 
V. 828 

tilkaline and earthy, ii. 
570 

calcareous, iv. 342 
combustible, iii. 59 
compound, ii. 565 
incombustible, ii. 574 
metalline, iii. 1 27 
neutral, ii. 566 
nomenclature, li. 568 
simple, ii. 565 
solubility in alcohol, ii. 
429 

solubility, in water, iii. 

5?7and672 
triple, ii. 567 
food of plants, v. 318 
Sandaracb, v. 94 
Sandaracha, i. 320 
Sandstone, iv. 559 
Sap of plants, v. 183 and 331 
motion of, v. 330 
Saponaceous extract of urine, 
V. 463 ' 

matter of putre- 
faction, v. 762 
Saponules, ii. 484 
Sappare, iv. 335 
Sapphyr, iv. 227 

oriental, ibid, 
occidental, iv. 234 
Sarcocoll, iv. 673 
Saturation, iii. 631 
Saturn, i. 298 

sugar of, iii. 271 
extract of, iii. 275 
Saussurite, iv. 326 
Savonule, ii. 483 
Scales offish, v. 521 
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'Scales of serpents, v. 522 
Scammony, v. 146 
Scapolite, iv. 291 
Schalstone, iv. 337 
Schaumearth, iv. 349 
Scheelium, i. 372 
Schiefer spar, iv. 349 
Schillerstone, iv. 327 
Schmeltzstein, iv. 280 
Schrifterz, iv. 494 
Scorpion, venom of, v. 620 
Sea-froth, iv. 321 
salt, ii. 577 

salt, regenerated, ii, 574 
wax, ii. 504 

Seas, temperature of, iv. C6 
Sebacic acid, ii. 293 
Sebates, iii. 108 
Secretions, v. 496 

morbid, v. 690 
Sedative salt, ii. 222 
Seeds of plants, v. 243 
Selenite, ii, 679, and iv. 363 
, Semen, v. 607 
Semimetals, i. 145 
Semiopal, iv. 261 
Senna, v. 225 

Serpentine, iv. 327, 548, 551 
Serosity, v. 557 
Serum of blood, v. 557 
Seydler salt, ii. 665 
Shale, iv, 304 
Shells, V. 507 

porcellaneous, v. 509 
mother-of-pearl, V. 509 
Shistus, argillaceous, iv. 305 
Shorl, iv. 242 

common, iv. 243 
red, iv. 522 
white, iv. 238 
Shorlite, iv. 241 * 

Siberite, iv, 245 
Siderite, iv. 283 
Siderocalcite, iv. 352 
Siderum, i. 227 


Sienite, iv. 551 
Silica, ii. 96 

borate of, ii. 617 
chromate of, iii. 58 
fluate of, ii. 610 
Silicated potash precipitates 
gum, iv. 681 
Silicium, ii. 105 
Silk, V. 550 
Silver, i. 165 

alloys of, i. 170, 191, 
195, 200, 214, 248, 
265, 281, 294, 310, 
S21, 3ii5, 344, 367, 
375 

salts of, iii. 145 
acetate, iii. 157 
amalgam of, iv. 412, 
antimOnial, iv. 401 
arseniate, iii. 160 
arsenical, iv. 402 
auriferous, iv. 401 
benzoate, iii. 158 
black, iv. 410 
borate, iii. 157 
carbonate, iii. 156, and 
iv. 410 

chromate, iii. 161 
citrate, iii. 159 
fluate, iii, 157 
fulminating, ii, IS 
glance, iv. 403 
hyperoxymuriate, iii. 
150 

malate, iii. 159 
mellate, iii. 159 
molybdate, iii. 161 
muriate, iii. 151, and iv. 
408 

native, iv. 400 
nitrate, iii. 146 
ores of, iv. 400 
oxalate, iii. 158 
oxides, i. 167 
phoq)hate, iii. X55 
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Silver, saccolate of, lii. 
soap, iii, 407 
succinate, Jii. 15S 
sulphate, iii. 154 
sulphite, iii. 155 
sulphuret, iv. 403 
tartrate, iii. 158 
white, ore, iv. 404 
'Silvery looking glasses, i. 266^ 
Siniple combustibles, i. 30 
incombustibles, i. 113 
si^bstances, i. 16 
supporters, i. 19 
Sinovia, v. 603 
Size, V. 439 
Skin, V. 528 

whether it absorbs, r. 
744 

Slate, adhesive, iv. 299 
drawing, iv. 304 
polishing, iv. 299 
whet, iv. 304 
Slate clay, iv. 298 
spar, iv. 340 
Smaragdite, iv. 333 
Soap, iii. 396 

hard, iii, 397 
soft, iii. 401 
Starkey’s, ii. 484 
Soaps, iii. 396 

alkaline, iii. 396 
acid, ii. 485, 497 
^earthy, iii. 404 
metallic, iii. 405 
Soda, ii. 39 

acetate of, iii. 61 
arseniate, iii, 48 
azotite, ii. 160 
benzoate, iii. 70 
borate, ii. 612 
camphorate, hi. 76 
carbonate, ii. 643, and 
iv. 377 

chromate, iii. 57 
citrate, iii, 103 


Soda, fluate of, ii. ^06 
gallate, hi. 115 
hydrosulphuret, iii. 378 
hyperox 3 nnuriate, iii» 41 
malate, iii. 110 
mellate, iii. 90 
molybdate, hi. 52 
muriate, ii. 576, and ivr 
379 

nitrate, iii. 16 
oxalate, iii. S3 
phosphate, ii. 620 
phosphite, ii. 635 
prussiate of, iii. 117 
saccolate, iii. 108 
soap of, iii. 397 
sub-borate, ii. 613 
subcarbonate, ii. 644 
suberate, iii. 118 
succinate, iii. 72 
sulphate, ii. 661 
sulphite, iii. 4 
supersulphate, ii. 663 
tartrate, iii. 95 
tungstate, ih. 54 
urate, iii. 109 
how extracted from 
common salt, ii. 596 
Sodium, h. 41 
Softness, i. 532 
Soil, v. 314 
Solids, ih. 593 

table of, iii. 625 
expansion of, i, 495 
specific gravity of, iii, 
624 

combination of, ih, 623 
Solution, iii. 568 
Sommite, iv. 238 
Sooty silver ore, iv. 410 
Sory, hi. ^23 
So wins, iv, 709 
Spar, ponderous, iv. 368 
fluor, iv. 350 
calcareous, iv. 346 
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parry iron ore, iv. 4.<46 
path perle, iv. 352 
Ipecific caloric, i. 548 
Jpecificum purgans, ii, 659 
spectrum, prismatic, i. 408 
Specular iron ore, iv. 441 
spelter, i. 286 
spermaceti, v. 472 

oil, V, 476 
Sphene, iv. 524 
Spiders webs, v. 554^ 
venom, v.- 620 
Spinell, iv, 225 
Spirit of nitre, ii. 229 

mindererus, iir. 62 
sal ammoniac, ii. 6 
^alt, i, 1 17, and ii. 665 
urine, ii. 6 
wine, ii. 409 
Spirit, proof, ii. 423 
Spirits, ardent, ii. 410 
rectified, ii. 410 
Spodumenej iv. 292 
Sponges, V. 518 
Squills, V. 280 
Starch, iv. 699 

plants containing it, 
iv, 707 

potato, iv. 708 
Staurolite, iv. 278 
Staurolithe, iv. 222 
Staurotide, ibid. 

Steam, ii. 117 

elasticity of, i. 537 
Steatite, iv. 322 
Steel, i. 237 

natural, !. 243 
of cementation, i. 243 
cast, i. 244 
tempering, i, 223 
Stibium, i. 312 
Stilbite, iv. 276 
Stinking sulphureous air, i. 90 
Stones, analysis of, iv, 588 


Stones, saline, iv. 340 
earthy, iv. 201 
from the atmocsplio:!^ 
iv. 119 
Stoneware, ii. 53§ 

Storax, V. 129 
Strahlstein, iv. 332 
Strontian, ii. 73 

acetate of, iiL 66 
borate, ii. 615 
carbonate, iL 65S» 
and iv. 370 
citrate, iii. 105 
hydrosulphiiret, iii, 
377 

gallate, iii, 115 
hjperoxyinuriale, 
iii. 45 

muriate, iL 589 
nitrate, Iii. 23 
oxalate, iii 87 
phosphate, ii. 631 
sulphate, iL 68^ 
^ and iv. 371 

tartrate, iiL 99 
urate, iiL 109 
water, iL 75 
Strontianite, iv. 370 
Strontites, iL 74 
Strontium, iL 77 
Sty rax, v. 126 
Subcarburets of iron, L 2^ 
Suber, V. 153 
Suberates, iii. 113 
Suberic acid, iL 344, arfv. 

822 

Subsalts, ii, 567 
Subsoap, ii, 484 
Succinates, iii. 71 
Succinic acid, ii. 297 
Sugar, iv. 646 

acid of, ii. 305 
alcohol from, v. 412" 
caiSe, juice of, iv. 65S 
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Sugar liqiuii, iv. 603 
of beet, 666 
4 of diabetic urine, v. 471 
of grapes, iv. 664 
of lead, iii. 271 
of milk, V. 469 
acid of, ii. 328 
of Saturn, ibid, 
plants containing, iv. 
670 

Sulphate of cobalt, iv. 507, and 
V. 844 

indigo, V. 10 
lead, iv. 473 
zinc, iv. 484 
Sulphates, ii. 658 

uses of, ii. 685 
Sulphites, iii. 1 
Sulphur, i. 79, and v. 77 
auratum, iii. 394 
flowers of, i. 79 
combustion of, i. 81 
^ in animals, v. 486 

native, iv. 3 S i | 

Sulphureous salt of Stahl, hi. 3 
Sulphuret of ammonia, ii, 9 
antimony, i. '317 
arsenic, i. 332 
barytes, ii. 70 
bismuth, i. 307, 
and iv. 485 
cobalt, i. 342 
copper, i. 208 
gold, i. 154 
iron, i. 229 
lead, i. 278, and 
V. 784 
lime, ii. 51 
magnesia, ii. 62 
manganese, i.350 
naercury, i. 178 
molybdenum, i. 
366 

muriatic acid, i. 
125 


Sulphuret of nickel, i. L'54 

palladium,!- 190 
phosphorus, i. 
.platmuin, i. 163 
potash, ii. \'9 
.silver, i. 169 
.soda, ii. 40 
strontian, ii. 76 
tellurium, i. 325 
tin, i. 261 
tungsten, i. 374 
uranium, i. 360 
zinc, i. 292 

Sulphureted hydrogen gas, i. 
89, and iii. 471, 474 

alcohol, ii. 427 
azotic gas, i. 112 
muriatic acid, i- 
126 

oxide of manga-' 
nese, i. 350 
oxideof tin, i. 262 
Sulphurcts, iii. 627 

metallic, i. 395 
Sulphuric acid, i. 81, ii. 177 
glacial, Ii. 197 
phlogistieated, 
ii. 193 

in animals, v. 
487 

Sulphurous acid, i. 87, and ii. 
193 

Sulphurs, i. 88 
Sumach, v. 209 
Sun, nature of, i. 583 

emits three kinds of rays, 
i. 584 

a source of heat, i* 584 
heat of its rays, i. 586 
Supercarbureted hydrogen, i, 
56 

Supersalts, ii. 567 
Supersulphuretofcopper,i.209 
iron, i. 230 
lead, i. 279 
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Suj rsulplmreted hydrogen, i. 

< • » 

Su: sorters of combustion, i. 

I )2 

partial, i. 603 

Sii lice of minerals, iv. 190 
Su urbrand, iv. 386 
Svi trip ore, iv. 452 
Sv at, V. 624 

By liming bladders of fishes, 
r contained in, v. 621 
S\ Liestone, iv. 354 
S] /anite, i. 324 
Si ap, iv. 656 

T 

T tamahac, v. 95 
T elspath, iv. 337 
T c, iv. 328 

Venetian, ibid. 

T cite,_.iv.~328t . 

T Iow,'v. 

mineral, ii. 504 
1 Qiarinds, v. 270 
1 iinin, ii. 383, and v. 38 
artificial, ii. 399 
natural, ii. 385 
species of, v. 40 
T nning, v. 531 

principle, ii. 384 
" mtalite, iv. 527 
’ uitalum, i. 387, and v. 791 
ores of, iv. 527 
' :ir, mineral, ii. 507 
' irtar, iii. 92 

cream of, iii. 92 
vitrioiaied, ii. 659 
chalTbe.-ted, iii. 244 
emetic, iii. 315 
regener'ited, iii. 59 
of t!ie loctn, V. 660 
secret folialwti earth cf, 
iii. 

salt of, li. 27 and 640 


Tartar, soluble, iii. 92 
Tartarin, ii. 27 
Tartaric acid, ii. 315 

plants contain- 
ing it,iv.640 

Tartrates, iii. 91 
Tears, v. 594 
Tectum argenti, i. 304 
Teeth, v. 506 
Telesia, iv. 227 
Tellurium, i. 323 

salts of,, iii. 317 
muriate of, iii. 318 
native, iv. 494 
nitrate, iii. 318 
ores of, iv. 49S 
oxides of, i. 324 
sulphate, iii. 3 ! 9 
Temperature, equal distribu- 
tion of, i. 478 

of the atmosphere, 
iv. 51 

„ Tempering,, of ^ 

Tenacity, !. r3¥ 

Tendons, v. 536 
Terra ponderossa, ii. 66 
Test, i. 277 
Thaliite, iv. 245 
Thermometer explained,!. 497 
diflerential,i.4'38 
varieties of, i.499 
Dalton s, i. 501 
Thermox 3 'gen, i. 601 
Thummerstone, iv. 247 
Thus, V. 91 
Tile ore, iv. 426 
Tiles, ii. 540 
Tin, i. 258 

rJloys, i. 263, 28S, 297, 
311, 322, 3S5, 344, 
369, 375 
salts ol'l iii. 245 
acetate, iii. 256 
aibeciatc, iii. 258 
bcxi^cate, ill. 2i/7 
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Transmission of caloric, L 457 
Transparency, i. 407 
Transpiration of plants, v. 347 > 
390 Traps, primitive, iv. 545 
floetz, iv. 565 
transition, iv, 556 
Tremolite, iv. 333 
Tria prima of the alchymists, 
i. 628 

Triphane, iv. 292 
Tripoli, iv. 300 
Trona, ii. 

Truffles, v. 289 
Tube of safety, ii. 229 
Tufa, iv. 567 

Tungstate of lime, iv. 519 
Tungstates, iii. 53 
Tungsten, i. 371 , 

alloys, i. 374 
salts of, iii. 346 
ores of, iv. 518 
oxides ofa i. 373 
Tungstic acid, ii. 266 
Turmeric, v. 203 
Turpentine, v. 91 
Turpetli mineral, iii. 178 
nitrous, iii. 166 
Type metal, i. 322 


Tin, borate, iii. 255 
carbonate, iii. 255 
Huate, ibid, 
hydrosulphurets, iii. 
muriated, iii. 248 
nitrated, iii. 246 
ores, iv. 461 
oxalate, iii. 257 
oxides of, i. 259 
phosphate, iii. 254 
pyrites, iv. 462 
succinate, iii. 257 
soap, iii. 407 
sulphate, iii. 253 
sulphite, iii. 254 
tartrate, iii. 258 
Tincal, ii. 221 and 613 
Tinfoil, i. 258 
Tinning, i. 269 
Tinplate, i. 270 
Tinstone, iv. 462 
Titanite, iv. 522, 524 
Titanium, i. 378 

carbonate, iii. 349 
muriate, iii. 348 
nitrate, ibid, 
ores of, iv. 520 
oxides of, i. 379 
oxalate, iii. 349 
salts of, iii, 347 
sulphate, iii, 348 
tartrate, iii. 349 
Tobacco, V. 226 and 847 
Tolu, balsam of, v. 122 
Tombac, v/hite, i. 835 
Topaz, iv. 212, 234 

occidental, 234 
oriental, iv. 227 
rock, iv. 548 
Saxon, iv. 234 
Tortoise-si^ell, v. 521 
Touchstone, iv. 256 
Tourmaline, iv.. 242 
Traciieae, v, 338 
Train oil, y. 476 


U 

Ulcers in plants, v. 292 
Ulmin, iv. 695 
Umber, iv. 318 
Unconfinable bodies, i. 401 
Uran mica, iv. 515 
ochre, iv. 516 
Uranitic ochre, ibid. 
Uranium, i. 355 

ores of, iv. 514 
oxides of, i. 35$ 
salts of, iii. 340 
acetate, iii. 346 
arseniate, ibid. 
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jranium, fluate of, ibid. 

muriate, iii- 34*4 
nitrate, iii. 341 
phosphate, iii. 346 
sulphate, iii. 344 
tartrate, iii. 346 
Urates, iii. 109 
Urea, v. 463 
Uric acid, ii. 331 

sublimate from, ii. 
334 

Urine, v. 630 

fusible salt of, ii. 625 
spirit of, ii. 6 
changes produced on, 
by diseases, v. 641 
of the ass, v. 644 
camel, v. 645 
cow, V. 645 
guinea pig, V.647 
horse, v. 643 

647 _ 

Urinary calculi, v. 669 

of inferior ani- 
mals, V. 687 

V 

Valerian, v. 204 
Vapour, vesicular, iv. 69 
explained, i. 533 
elasticity of, i. 537 
state of, in the atmo* 
sphere, iii. 463 
Vapours, nature of, iii. 451 
Varec, ii. 40 

Variegated copper ore, iv. 419 
Varnishing, v. 101 
Vegalkali, ii. 27 
Vegetable substances, iv. 635 
Vegetables, iv. 635 

ingredients of, iv. 
637 

decomposition of, 

XT. 


Vegetation, v. 295 
Veins, iv. 574 
Venus, i. 298 

salts of, iii. 194 
Verdigris, iii. 207 
Vermilion, i. 180 
Verjuice, iv. 664 
Vessels of plants, v. 336 
Vestium, v. 787 
Vesuvian, iv, 216, 219 
Vinegar, ii. 278 

distilled, ii. 281 
radical, ii. 278 
of Saturn, iii. 275 
of Venus, ii. 282 
Viper, poison of, v. 617 
Vital air, i. 24 
Vitreous copper ore, iv. 418 
silver ore, iv. 403 
Vitriol, green, iii. 223 
blue, iii. 201 
white, iii. 292 
Vitriolic acid^ ii.J77_^ 
Volatile and volatilization, L 
80, and iii. 682 
liniment, iii. 403 
Volcanic ashes, iv. 574 
Volcanite, iv. 215 
Volta’s eudiometer, i. 37, and 
V. 17 

W 

Wacke, iv. 315 
Wash, v. 409 
Wasp, venom of, v, 620 
Water, i. 35, ii. 116, and iv. 
128 

as the food of plants, 
V. 308 

composition of, i. 35, 
and ii. 126 

decomposed by iron, L 
218 

of nitre, ii. 229 
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Water j expansion by cold, i. 

503 

sea, iv. 135 

in the atmosphere, iv. 

Waters, iv. 

acidulous, iv. 151 
aenitedalkaiine,ii.21 1 
analysis of, iv. 155 
chalybeate, iv. 151 
common, iv. 130 
hepatic, .v, 152 
mineral, iv. 1-13 
rain, iv. 130 
saiiiicV iv. 152 
sno w, iv^ 131 
Wavellite, iv. 271 
Wax, V. 59 

myrtle, v. 64 
punic, V. 61 

Wedgewood ware^ ii. 542 
W arn * rite, iv. 292 
W'hcat dour, v. 245 
Wnet siate, iv. 304 
Whey, V. 5'/ 2 

\'V lUv.i.'v.y, ii« ‘'i' 1 0 

Vvhiila aahalt ore, iv. 50S 
en pper ore, iv. 420 
tkweriv, V. 2.4) 
g.)id ora, iv. 491’ 
ic-id, i. 274 
lead ore, iv. 470 
ore ol’ antimony, iv. 

4-91 

silver ore, iv. 404 
tombac, i* 335 
Willovr, V. 220 
Winds, iv. 87 

trade, iv. 88 
veloaity of, iv. 1-03 
Wine, V. 415 

csricr.tial salt of, iii. 59 
its icFinehtation, v. 4J5 
component pa.rtS 5 v. 418 


Wines, table of their compo- 
nent parts, V. 4<21 
Witherite, ii. 652, and iv. 367 
Woad, V. 230 
Wolf; i. 318 
Wolfram, iv. 518 
Wood, V. 154, 196 

gas from, i. 64 
rock, iv. 330 
tin, iv. 463 

Woods, conducting power of, 
i. 474 

Woodetone, iv. 255 
W'oodtin, iv. 463 
Wool, V. 519 

soap of, iii. 402 
Wort, V. 403 
Wormwood, v. 225 

'■ Y 

Yanplite, iv. 247 
Yeast, V. 405 
Y -nite, iv. 4 45 
YJiow cart!-, iv. .318 

co!>idt ore, iv. 506 
aci<.!, V, .526 
ware, ii. 542 
iiowers, v. 233 
Yolk of egg, V. 579 
Yttria, ii. h8 

acetate of, iii. 67 
arseiiiate, iii. 50 
carbfmate, ii. C55 
muriate, ii. 592 
hydrosalphuret, iii. 550 
nitrate, iii. 26 
oxalate, iii. 88 
phosphate, ill 632 
Siicc.ina.te, iii. 73 
fmlphnte, ii. 677 
tartrate, ill 100 
Yttrottintulile, iv. 527 
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z 

^Zeolite, iv. 274? 

foliated, iv. 276^ 
radiated, iv. 275 
ZevOy real, i. 564? 

Zincy i. 285 

alloys, i. 293, 322, 336, 
369 

salts of, iii. 289 
acetate, iii. 298 
arscniatc, iii. 300 
benzoate, iii. 298 
borate, iii. 297 
butter, iii. 291 

Caf-onute, !’i.^^''6 

hyarous, iv. 
4-82 

c'^ironiatc, iii. 300 
ciu-i^te, ill. 299 
flov; .. r:^ Cl, i. 2o9 
fiuate, iii* 

liydrosjulpliuret, iii. 391 
lactate, iii. 900 
malate, ibid, 
molybdate, iii. 300 


Zinc, muriate, iii. 290 
nitrate, ibid, 
ores of, iv. 477 
oxalate, iii- 299 
oxides of, i. 288 
phosphate, iii. 296 
so:p of, iii. 406 
succinate, iii. 298 
sulphate, iii. 291 
sulphite, lii. 294 
tartrate, iii. 299 
tungLtate, iii. 300 
Zingiberic acid, v. 825 
Zircon, iv. 208 
Z..\.onia, ii. 93 

ilo^f freed from iron, 
ii. 594 

acetate, iii. 67 
carbonate, ii. 656 
muriate, ii. 592 
nitrate, iii. 27 
sulphate, ii. 678 
Zirconium, ii. 96 
Zoisite, iv. 246 
Zoonic acid, ii. 352 
Zoophitos, v. 
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